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FlRST-JN. FIRST-OUT METHOD 

The first-in, first-out (FIFO) process-costing method assigns the cost of the ear­
liest equivalent units available (starting ·with the equivalent units in beginning work­
in-process inventory) to units co1npleted and transferred out, and the cost of the 
most recent equivalent units worked on during the period to ending work-in-process 
iavento1y. Th.is method aSSUlnes that the earliest eqwvalent units in vVork in 
Process-Assembly account are completed first. 

Exhib~t 17-8 presents step 4-summarizing total costs to account fo1·, and as­
signing costs to units co1npleted and to ending work in process-using the FIFO 
method. 'The total costs columns in Panel i\ . of Exhibit 17-8 summarize the total 
costs to be accounted for u1 .iVIarch 19 _7 of $62 ,2 80 as de«cribed in the Exan1ple data 
(p.619). 

Panel B of Exhibit 17-8 describes the a.ssign1nent of costs under FIFO. The 
FIFO method assigns the costs of the begirullilg work-in-process inventory to the 
first units con1pleted and transferred out. The costs of work done in the current pe­
riod are first assigned to the additional work done to complete the beginning work in 
process, then to the work done on units started and completed during the current 
perio~ and finally to the ending '-''Ork in process. Follow these computations in 
Panel B of Exhibit 17-8. For example, consider conversion costs. The costs of the 
13 5 equivalent ·units of beginning inventory at $60 per unit are assigned to the fir t 
units completed and transferred out. The costs of the 315 equivalent units of work 
done in March 19 _7 at $52 per unit are assigned as follo"vs: (1) The fixst 90 units to 
the work done to complete the beginning work in process, (2) the i1ext 17 5 units to 
the work done on units started and completed during tbe current period, and (3) the 
final 50 units to ending vvork in process. 

Under FIFO, the ending "vork-in-process inventory comes from units that 
were started but not fully co1npleted dw·ing the current period. The total cost of the 
100 partially assembied physical units in ending work in process consists of 

Direct n1aterials: 100 eqw valenl u11iu, x l:Ost per t:quivalenr unit in j\rforc h , $7 2 

Conversion costs: 50 equivalent units x cost per equivalent unit in J\ilarcb, $52 

Total costs of work in process on M::irch 3 l 

$7,~00 

2,600 
S9,800 

Note that tbe total costs accounted for in Panel B of Exhibit 17-8, $62 ,280, equal the 
total costs to account for in Panel A. 

Before proceedi11g, please }Hll1.se and review Exhibit 17-8 crrref11l~y to check you1· uuder­
standing of· the FIFO 1nethod. The journal enn·ies and Ao".r of costs through the 
T -account<; under the FIFO method parallel the journal en.ti.·ies and Aow of costs 
under the weighted-average method and are not repeated here. 

The average cost of units transferred out is $52,480 + .+00 uni ts = $ 131.20 per 
DG-19 unit. The Assembly Departn1ent use~ FIFO to distinguish berween monthly 
batches of production. The succeeding dcparunent, Testing, l1owever, costs these 
uni ts at one average unit cost ($ 13 1.20 int.hi~ illustration). Jf 1.his a\·eraging- \vere not 

done, the attempt to track costs on a pure FIFO ba<;i <; th roughout a series or 
processes would be u11dLdy cumberso1ne. 

Only rarely is an applica tion of pure FIFO ever encoun tered in process costing. 
It should rea lly be ca lled a ?JJodijii!cl or dep11rtrJ1cnt11! FJF() rnethod. \,\.rl-iy? Becau!>e 
FIFO is applied within a deparunent to co111pi le the CO'l l or uni l s u·an.:;ferred 0111, bur 
the unit~ b·a nsferre<l in during a given per-iod ust1 ::i lly are can·ied a l a ~ingle average 
unit cost as a n1atter of convenience. 

Demonstrate the first-in, 
first-out (FIFO) method of 
process cosang 

COMPARI SON OF VVEIG l-I TEl)-AVfRAGE Al\.Jl I If() ME I~ [)S 
The fo llowing table summarizes the cosls assigne<l Lo uni['> co111p leted and t.hose c;ti ll 
111 process un<ler the weighted-average and FIFO proccs~-co'> ting 1neth ods for our I 
example: PROCESS-CCSTINGSYSTEMS ~23 
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EXHIBIT 17-8 
Step 4: Summarize Total Costs to Ac count for, and Assign These Gosts to Units Completed 
and to Units in Ending Work in Process Using the FIFO Method, Assembly Department 
of Global Defense, Inc., tor March 19_7 

• 
Direct Materials Conversion Costs 

Cost per Total Cost per 
Equiv. E quiv. Costs Equiv. Equiv. 
Units Unit (3) = Units Unit 

(1) (2) (1) x(2) (4) (5) 

PANELA: 
TOTAL COSTS TO ACCOUNT FOR 

Work in process, begi11ning 
(&om Exhibit L7-6) 225 $80 $ 18,000 135 $60 

\IVork done in current period 
only (from Exhibit 17-6) 275 $72 19,800 315 $-7 ) _ 

-
To account for 500 $37,800 450 

- -

PANEL B: 
ASSIGNMENT OF COSTS 

Co1nple ted and transferred out 
(400 physical units) 

\ Vork in process, heginning 
(225 physical Wlits) 77-__ ) $80 $18,000 135 $60 

\tVork done in cu rrent 
period co con1plete I 

begiru1ing work in process 0,. $72 0 90t $52 
-

Total fron1 beginning inventory 225 18,000 225 

Started and con1pletcd 
175 t (175 physical unirs) $72 12,600 175t $52 

Total com~leted and 
t:ransferred out 
(400 pb ysica l units) 400 30,600 400 

vVork in process, ending 
100§ 50§ (l 00 p hysi caJ uni ts) $72 7,200 $52 - -

Accounted for 500 $37,800 450 
- -

Total 
Prod. 
Costs 

Total 
Costs 
(6) = (7)-= 

(4) x(5) (3) + (6) 

$ 8, l 00 $26,100 

16,380 36, L80 

$24,480 $62,280 

$ 8,100 $26,100 

4,680 4,680 

12,780 30,780 

9,100 21,700 

2 L,880 52,480 

2,600 9,800 

$24,·H:W $62 ,280 

,.Beg111nmg work in process JS I 00% cumplerc ;1s to clirect maten als so t.ero equivalent uni ts of direct materials need to be added co complete 
heg1nning work in process. 
tBcgmmng work in proces~ is 60% complete,\' hich equals J 35 equ1Valenr un i rs o f conversion costs. 1 () complete the 225 phy~ic.:.1 1 units of 
licgmning work in process, t)Q (225 - 13 ~) cquiv;1Jent unilS of convers ion costs need to be added. 
•-mo roral cquivalen r w1i r:s completed and t1·ansfcrred o uL (Exhibi t J 7-5) minus 225 equivalent units completed and tr•m~ferreJ from bt:ginning 
inn:nion c:qual~ J 7'i equi1•:1 lc:111 unirs. 
~fl'IJITI I· ;...l 11 li11 17-5. 

624 CHAPTER 17 
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Cost of units cmnpleted and 
[ransferred out 

Work in process, endi.ng 

1-otal costs accounted for 

vu . -

rl ·~ () / 
1"1·11 -a, 

Weighted 
Average 

(from Exhibit 17-7) 

$52 ,000 

10,280 

$62,280 

FIFO 
(from Exhibit 17-8) 

$52,480 

9,800 

$62,280 

Diff e.ren.ce 

+$480 

-$480 

The ·weighted-average ending invento1y .is higher than the FIFO ending inven­
tory by $430, or 4.9% ($480 + $9,800). This i.s a signjficant difference when aggre­
gated over the many thousands of co1nponents that Global Defense n1akes. The 
weighted-average Inethod in our example also r~sulrs in lower cost of goods sold a11d 
fience higher operating income and higher tax p~ents than the FIFO method. 
Differences in equivalent urut costs of beginning i.nvento1y and •.vork done during 
the current period account for the differences in weighted-average and FIFO costs. 
Recall from Exhjbit 17-6 that the cost per equivalent unit of begjru1jng work in 
process was greateJ than the cost per eqwvalent unj t of Virork done during the period. 

For the Asse1ubly Departrnent, FIFO assrnnes that all the higher-cost prior­
period units in beginning work in process are the first to be con1pleted <lPd trans­
ferred out while ending work in process consists of only tl1e lower-cost current­
period units. The weighted-average n1ethod, however, smooth.es out cost per 
equivalent uillt by assuming that more of the lovver-cost uillrs are completed and 
transferred out, while son1e of the higher-cost wli.ts are placed in ending vvork jn 

process. I-Ience, in this example, the weighted-average method results in a lower cost 
of units completed and transferred out ru1d a higher ending work-in-process inven­
tory relative to FIFO. 

Unit costs can differ materially between the weighted-average and FIFO meth­
ods when (1) the direct materials or con.version costs per unit vary &0111 period to pe­
riod, and (2) the physical inventory levels of vvork in process are large in relation to 
the total number of units transferred out. 

Managers need feedback about their most recent perfom1ance (March in this 
illuso·ation) in order to plan and improve their future performance. A n1ajor advan­
tage of FIFO is that it gives rnanagers inforrnation from ~rhicb they can judge their 
perfonnance in the current period independ~nJJy fron1 that in the preceding period. 
Work done during the current period is~ infonnation for these planning and 
control purposes. 

STANDARD COSTS AND PROCE SS COSTING 
This section assu1nes thrrt you hrrue alTeady st udierl G'hlljllers 7 a11t! 8. If_you have 11ot, proceed 
to the next 1llrtjor section, Tr1rnsferred-in Costs in Process Costing QJ. 629). 

As we have mentioned, eon1panies thar use process-costing sys tems produce 
numerous li ke or sio1n ar units of outpur. Setting standard quantities for input~ i'> 
often relatively straightforward in such companies. Standard cost~ per input unit 
may then be assigned to the physical standards to develop <>tandard costs. 

Weighted-average and FIFO 1nethods bccon1e very co1nplic:ite<l wh~n used in 
industries that produce a variety of pnJclucts. For exarnple, a steel-rolling 1nill uses 
various steel alloys and produces <ihcets of v;1rious sizes and of various finishes. The 
iLe1ns of direct materiab are not nun1er·ous; neid1er art tht optrauon::> per{orn1ed. 
But used in vario llii co1nbiJ1aLions, they yield too great a' ariety of product<; that in­
accurate costs for each product resull if the broad averaging prcJcedure or historical 
process costing is used. Si1nilarly con1plcx condiLion<> ~u·e frequently Found, for 
exan1ple, in plants that 1nanufact11re rubber proclucrs, textiles, c.:era1nics, paints, and 
packaged food products. Ac. we <>ha ll see, ~La ndarcl costing ic; especia lly useful in 
these situations. 1~he intricacies of wcightecl -nverage and FIFO bistoric.:al cost­
ing n1cthods <incl the con flicts heLween the111 ;1re :1lc;o e li1ninated hy using 'itanJan l 
costs. 

Show ho\1 standard costs 
s1n1pli t) process costli1g 

PROCESS-COSTING SYSTEMS I ci25 
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Computation5 under Standard Costing 

\ \ t.: .1ga1n USC: the i\sse111bly D eparnnenr of c;Jobal Defen-..e, Jnc., a~ an example, ex­
cepl 1.his Lin1e ~' e :1s~ ig·n standard costs to the process. ~[he saine st:u1da rd costs apply 
in Fc:h1-u.1ry and 1\ farch of 19_7: 

Direct 111arerials 

Convcrc;1on costs 

Total srnnJ:ircl manufacrurin~ costs 
~ 

$ 74 pt::r unit 

_5_4 per uniL 

~per unit 

D~1t;1 for the Assembly Deparu11ent are 

Physical Units fo r March 19_7 

\!\'ork Ill rroce<>s, beginning inventor) (i\1::trch 1) 

Direcr mnrcri;~ls ( 1 OO'M, com piece) 
Conversion costs (60'Yo complere) 

Started during 1\Iarch 

Cc11npletcd and transferred out <luring i\lforch 

\ 1Vork in process, en Jing inventory (i\larch 31) 

01 ren rnan:n:i ls ( 1 00% com pit.: re) 

Con\ ers1on costs (50o/t, complete) 

Total Costs for March 19_7 

v\/ork in proces~. beginning in ventOI') at ~tan<lard co:.l:. 

01rec1 m~Heria l s: 225 cquiv;1 lc111 units x $74 per unil 

Co11\ ersum co<,ts: I ~ 5 t::qu1v:1lc111 un1t:. x $54 per unit 

Actual dirccL man.:ri~t l 'i cost'> added during J\larch 

Acrual conversion costs added durmg ,\brch 

$ 16,650 

7,290 

) ) 5 . -- · units 

175 uni rs 

-+00 11 ll its 

100 w1its 

$23,940 

19 ,800 

16,3 80 

\Ve follo\v the foru· 'ltcps introduced earlier in Case 2. Steps 1 and 2 for 'ltan­
dard costing are identical to the c;teps described for the weighted-average tlnd FIFO 
inethods in Ex:hihit 17-5. Steps 1 and 2 arc the sa1ne as before because they 1neasure 
the sa1ne physical and equi va lent unit quantities of \vork done in J\tlarch. \ >\fo rk done 
in the current period cqualc; direct 1n;ircria ls, 275 equj va lent units, an<l conversion 
costs, 315 equivalent unfrs. 

Step- 3 j.., e:is.ier under St;1ndanJ co-.1 ing than undt:r the weighted-average and 
Fl FC) methods. \\fhy? Because the cust per equivalent unit does not have to be con1-
putcd , as "'' <IS donl' for the weighrcd-average ~ind FTF<) n1ethoc.ls. Instead, Lhe costs 
per t!q ui va lent unit :ire the 'ltandard costs: direct nu1tc rinl-;, $7+, and conversio11 
costs, $5+. LTsing sLanJ<1rc.I costs sin1plifies the cornputa6ons for Jssigning total costs 
to :.Jccount for, costs con1pleted and transfcrretl out, an<l ending \Yo rk-in-process jn­
ventory. Ji-xhihit 17-9 d~scrihes step-+. 

Panel ;\ or Exhibit 17-9 sun1111 a rii'e~ the Lornl cos ts to ::iccount fo r·-th:n is, the 
t11tal Jcbits in \ '\'nrk in Pruccss. The:: JcL1iL-; differ frun1 UH:: JcbiL<> tu \Vork in 
Process- fu.se n1bly under the ;1ctunl cost-h<ised weighrecl-aven:1ge :1nd FTFO n1eth­
ods explained earlier in tl1c chapter. \'\ 'hy? Because in standard co.rting syste111s (see 
C~hnpte rs 7 and 8) the debits to the \ \ 'ork in Procesi:. clC<.:oun r are :H st:.i nd:::ird costs 
rather than actual costs. These standard costs total $61,300. 

Panel B or Exhibit 17-9 assigns rota! costs Lo unils con1plete<l and to tuiiLS in 
ending work-in-process invenrory. AJ ! cquivaJent units are costed at 'itandard costs. 
Note how the total costs ac<.:ffunted (or in P::inc l B o f Exhibit l 7-9, $61,300. equal 
Lht: Loral cost'> lo account ror in Panel A. rr '>land:1 rd costs h:1d ch;111ged bcrvvcen Feb­
ruar~ :lnd J\ 'larch 19_7, these custs ~·nuld be :.i-;-..ignecl to Uillt::. co1npleteJ nntl c:o ent!­
ing \.\ ork-in-process in\ ento ry using the F IF() 111ethod described in Exhibi t 17-8. 

Accounti11g for Variances 

Process-co..,ting syste111~ using standard cnsb usuall!· nccu111ul:11e :lCtual costs ~epa­
r:Ht.:I) l°ro1n the inventor·) accounts. ·rhe l"ollo\\ ing ..., nn c~arnp l c. The <1cru:1l tbt:i 
:1rc recorded in Lhc firsr rwo cno·ic'i. Reca ll th::it Gl(lb:il Defen~e purchases c.lirecr 
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EXHIBIT 17-9 
Step 4: Summarize Total Costs to Account for and Assign These Costs to Units Completed and to Units in Ending Work in 

Process Using Standard Costs, Assembly Department of Global Defense. Inc .• for March 19_7 

Direct Materials Conversion Costs 

Equiv. Cost per Total Equiv. Cost per 
Units Equiv. Costs Units 

(Exh. 17-5) Unit (3) = (Exh. 17-5) 
(1) (2) ( l )X(2) (4) 

PANELA: 
TOTAL COSTS TO ACCOUNT FOR 

Work in process, begi nn ing 225 $74 $16,650 135 

Work done in current period only 175 $74 20,350 3 15 -
To account for 500 $37 ,000 450 

- -

PANEL B: 
ASSIGNMENT OF COSTS 

Completed and transferred out 
(400 physical units) 400 $74 $29,600 400 

Work in process, ending 
(1 00 physical uni ts) 100 $7.+ 7 ,.+00 50 - -

Accounted for 500 $37,000 450 
- -

materials as needed and t.hat thc.:;e 111ateriab ::ire <lelivere<l dirccd) to the fuse n1bly 
Department. T he total variance<; are recorded in the next nvo enrrie . The fina l 
entl) transfers out the co1npleted goods at stanch1rcl co..,ts. 

1 Assembly Department Direct Materials Control (at actual) 
Accounts Payable 

To record direct materials purchased and used in 
production duri ng March. This cost control 
account 1s debited with actual costs and credited 
later with standard costs assigned to the units worked on. 

2. Assembly D~partment Conversion Costs Control (at actual) 
Various accounts 

To record Assembly Department conversion costs for March 

( Entrtes 3, 4. and 5 use standard cost dollar amounts from Exl11b1t 17 9.) 

3 Work in Process- Assembly (at standard costs) 
Direct Materia ls Variances 
Assembly Department Direct Materials Control 

To record actual direct rnaleria ls used and tota l direct malerials variances. 

4. Work in Process Assembly (at standard costs) 
Conversion Costs Variances 
Assembly Department Conversion Costs Control 

To record actual conversion costs and total conversion costs variances. 

5 Work in Process- Testing (at standard costs) 
Work m Process Assembly (at standard costs) 

19,800 

16,380 

20,350 

11,010 

51,200 

19.800 

16,380 

550 
19,800 

630 
16.380 

51 .200 

Equiv. 
Unit 
(5) 

$54 

$54 

$54 

$54 

Total 
Prod. 
Costs 

Total 
Costs 
(6) = (7) = 

(4) x (5) (3) + (6) 

$ 7,290 $23,940 

17 ,0 10 3 7,360 

$2 4,300 $6 1,300 

$2 1,600 $5 1,200 

2,700 10, J 00 

$24,300 $6J ,300 

To record cost of units completed and transferred 
at standard cosl from Assembly to Testing PROCESS COSTING SYSTEMS 627 



TERADATA, Ex. 1013, p. 661

EXHIBIT 17-10 

\ 'ariance'> arjse un<ler the standard costing 1n e1..hod, as in entries 3 and 4 above, 
because rhe stanchu·d costs ::issigned to products on the basis of work done in the cur­
rent period do not usuaUy equal the actuaJ costs incurred in the current period. Vari­
ances can be measured and analyzed in little o r gTeat detail for feedback., control, and 
decision-1naking purposes, in the san1e 1nanner a!:. described in Chapters 7 and 8. Ex­
h.ihir 17-10 sho,vs hov.' the costs Aow through the accounts . 

• 

Flow of Standard Costs in a Process-Costing System, Assembly Department 
of Global Defense, Inc., for March 19_7 
----~- ·-. - -

Assembly Department 
Direct Materials 

Control 

19.800 I 

@ 

Assembly Department 

Conversion Costs Control 

Work in Process-Assembly 

Balance 23,940 
19,800--r-I ...... @ 20,350 ® 51,200 ----ll ... - ® 

.. © 17,010 
-1------

8 a I an c e 10,100 

Direct-Materials 
Variances 

Work-in-Process- Testing 

Transferred 
51 ,200 out to finished 

goods 

Finished Goods 

xx 

0 16.380 I© 16.380- --- I@ 550 xx I Cost of goods 
sold 

62 

xx 

Accounts Payable Conversion Costs Variances Cost of Goods Sold 

I GJ 19,800 '--------' .... I (1) 630 xx I 

Various Accounts 

I 0 16.380 

CHAPTER 17 

\Ve conclude by exp1:1ining the co111111ent we made at the hegi11J1ing of this sec­
tion-that <>tandard costs arc particularly helpful v.rhen a process proJuces a variety 
of product~. ln these sitL11.nion'>, historical-co'>t r1FO and wejghted-average methods 
calculate a single ::iverage co'>t for a ll products produced resulting in inaccurate prod­
uct costs. Under sLan<l::1 rJ costing, tea111s or design anJ process eng-ineers, operations 
perc:;onncl an<l co<;t accountants, dctennine scpnr11te <;tandard or equivalenr unit costs 
on the basis oF the different techniC<ll proces~ing specifit:acions for each product. 
TdenLiFying <;t;1nJard costs Cor c0;1ch product overcon1es the disaciv;Jnrage of costing all 
products at a single average a1nount as in hisLnrica l-cost method~. 
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TRANSFERRED-IN COSTS IN PROCESS COSTING 
Many process-costing systems have two or more departments or processes in the 
production cycle. OrdinariJy, as un.its move from department to de )artment related 
costs are also n·ansferred by month y ·aurnal entries. If standard costs are llSeci , the 
accounting for sue transfers 1.s re atively simple. J{owever, if weighted average or 
FIFO is used, the accounting can beco111e inore complex. We now extend our G lobal 
Defense, Inc.1 example to~ncompass the Testing Departn1ent. The Assembly D e­
partment of Global Defense transfers DG-19 units to its Testing D eparonent. I-Iere 
the units receive ~dditional direct materials, such as crating and other packing 1nate­
rials, to prepare die units for shipment, at the end of the process. Conversion costs 
are added evenly during the Testing Department's process. As the process in Assern­
bly is completed, mlits are immediately transferred to Testing; as units are completed 
in Testing, they are immediately transferi-ed to Finished G{)ods. 

D ata for the Testing Deparonent for the month of M~1rch 19 _7 are 

Physical Units for March 19 _7 

~~in process~beginning i.nvento1y (March 1) 

._"Transferred- in cos I:s:UOO% comple te) 

Direct 01aterials (0% con1plete) 

Conversion costs (Ya or 62.5o/o comple te) 

Transferred-in during March 

Com.plered during March 

Work in process, ending inventory (M arch 31) 

< Tr:iosferred-ih costs (JOOo/o comple te) 

Direct materials (0% complete) 

Conversion costs (80% complete) 

Costs of Testing Department for March 19_7 

Work in process, b eginning i.nve11to1y 1 

Trans fe rred-in costS_ 

' Direct materials 

Conversion costs 

Transferred- in during Ma rc h 

\i'iTeighted average (frmn Exhibit 17-7) 

FTFO (from Exhibit 17-8) 

Direct m~neria ls costs acldecJ <luring M arch 

Conversion coses addecl uu ring l\tl a rch 

$33,600 

0 

18,000 

240 units 

400 units 

440 wiits 

200 units 

$51,600 

- - ---. 
52,000 I 

1_52.,:lfil)J 

13,200 

-f.8,600 

Transferred-in costs (or previous department costs) are costs incUlTed i.t1 a 
previous depa r~nt mat are car"r"'ie~_fcnwanias p~ o f the ]rodu..ct's cost as it 111oves 
to asuoseq_uent deparo11ent fol· processing. That is, as the units move fro1n one ae.=­
paruuent tO the next, th eir COStS 1110Ve \.Vith d1en1 . rfhus, COlllpu tatiOOS o f ~festing 
costs muss inQ.Qde _transfer!ed-in costs, as well as an y addition al direct n1ateria b 
costs and conversion costs added in Testing. 

W e use the four-c;tep proceJure described ea rli er (p. 615) to accotu1t for the 
cos ts or a subseq uent c.le paru11en t rhat has o·an sferrecl- in costs. ExJ1i bit 17- 11 shows 
steps 1 and 2 for Testing: summarj ze output in physical units and con1pute equiva­
len t unj ts. U nits are fu lly completed as to transfe rred-in costs hecause these costs are 
just carri ed fo rward fron1 the previous process. Direct 1natcri als costs, ho"vever, have 
a zero degr ee of cornpletion in bo th beginning and enJing work- in-process invento­
ries, bec:rusc in Testing, direct 1naterials are in troduced at the end of the proccsc;. 

1T he work- in- pruccc;c; beginning inventory is the same un der both 1.hc weigh tcd-;lvc::rage ;UHi 

FIFO iin ·entory 1ncthods bcc:1usc we assu1ned cost~ per eq wvalen t unit to he rhe san1e 111 both 
Janua ry and ftebruary. If chc co5t per cq uiva lenl 11 nir had hee n different in February c:o111pan:J to 
January, the work-in-process invcnlory :it the: encl of February (begi nn ing· ur 1\tlarch) would he 
costed di ffc rcntly under the wc1ghrcd-averagc <1lld FTFO rneth ods. l f this were the case, th1.: h•1sic 
approach to process co,.ring with transrerred-in co~l'> would sti ll be Lhe smn c <1S what we tk scribc 
in lh is section . O nly rhe beginnin g bal;mces of work in process would he diffrn:nt. PROCESS-COSTING SYSTEMS 29 
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Note that the numbers in steps 3 and .+,vilJ djffer between the \veighted-average 
a11d f IF<) rnethods with transferred-in costs. ~Thy? Because differences in trans­
fe rred- m costi; under the tvvo methods result in ilifferent debits to Work i.n Process. 

Transferred-in Costs and the Weighted-Average Metl1od 

0 BJ£,.-

Ex-plaJn weighted-average 
procec:s- ~nsang \\;th 
trnnsft. red-i.1 co~ts 

Exhibit 17-12 describes step 3, the con1putation of equivalent unit costs. Exhibi t l 7-
13 presents step 4. P anel A of Exhipit 17- 13 sn1n111arizes th.e rota I costs to account 
for- that is, the tot:l l debits to \Vorkin Process under the weighted-average method. 
The~e costs total $165,400. Panel B of Exhibit 17-13 sho,vs ho'v these costs are as­
c;igned to units cornpleted and to units i.n ending \Vork-in-process inventory. Note 
ho'v beginning \vork in process ::ind \vork done in the current period are totaled and 
n1erged together ror purpose::-, or C0ll1!JUUng \Vt:ighted-averagt: COSts. 

EXHIBIT 17-11 
Steps 1 and 2: Summarize Output in Physical Units and Compute Equivalent Units, 
Testing Department of Global Defense, Inc., for March 19_7 

(Step l ) 
Physical Transfe rred-

Flow of Production Units in Costs 

Con1pleted and ttansfen·ed out during cun·ent period +40 +40 

Add work in process, ending• 
(200 x 100% ; 200 x 0°/o ; 200 x 80%) 200 200 - -

rfo cal accounted fo.r 640 640 
Deduct work in process. beginning1 240 

0 40 x LOO% ; 240 >< 0% ; 240 x 62.5%) 240 

Transferred in during current period 400 
--

\~'ork done in cw-rent perio<l onJ) 400 
-

(Step 2) 
Equivalent Units 

Direct 
Materials 

440 

0 
440 

0 

++O 
-

*Degree of compleuon in tb.is dt.>parnnent: transforre<l-m costs. I 00%. direct marcrials, 0%, conversion cm.ts, 80%. 
to cgrce of comph:oon in this department: rransterred-in costs. I 00%. <lircct materials, 0%; conversion coses, 62.5%. 

EXHIBIT 17-12 
Step 3: Compute Equivalent Unit Costs under the Weighted-Average Method, 
Testing Department of Global Defense, Inc., for March 19_7 

F.111th'11le11t /fllit co.11s ~f beginning work 111 process 

\\fork in process, heginning (given, p. 630) 

l)1v1de by equiva lent units of bcg1ruiing work in process 
( fron1 Fx:h1hit 17- 11) 

( o<;t per equiv;1lent unit of beginning work in process 

F.tjun.·1tlo1t 1111it (1J.11s of work done in rurrent period 011/> 

Costs :Hided in current period (gi\'eo. p. Cl30) 

D1n d1;. h) ClJUJ\ alt!nt units nf work Jone in curre1u pl:'.riod 
(from I: xh1bit 17-11 ) 

Cost per equivalent unir of work done u1 cu1Ttnt period on I) 
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Transfer:red­
in Costs 

$33,600 

.;. 240 

$ 140 

$5Z,000 

+ 400 

s 130 

Direct 
Materials 

$13,:!00 

+ +40 

$ 30 

Conversion 
Costs 

++o 

160 

600 

150 

450 --

Conversion 
Costs 

$ 18,000 

+ 150 

$ 120 

$48,600 

.;-450 

$ l 08 
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EXHIBIT 17-13 
Step 4: Summarize Total Costs to Account for, and Assign These Costs to Units Completed 
and to Units 1n Ending Work in Process Using the Weighted-Average Method, Testing Department 
of Global Defense, Inc., for March 19_7 

T ransferred-in C osts 

E quivalent 
U nits 

(1) 

PANELA: 
T OTAL COST S TO ACCOUNT FOR 

' York m proce~s. 
bc:ginning 
(from Exhib1L 17-12) 

\ \ ork done m current 
penod only 
(from E\.h1b1r 17-12) 

fo account for 

PANEL B: 
ASSIGNMENT OF COSTS 

ComplcLcd .111d 
tnln'>fcrrcd oul 
(440 phv~ical units) 

\ h I !"\'S'i, 

ncl111 
(~110 ph\S1L i 'b) 

\ Ct'lllllltC<I f"ur 

240 

400 

640 
-

200~ 

<>·W 

Cost per 
Equivalent 

Unit 
(2) 

$140.00 

' 130.00 

s 13 3. 7 5~ 

$133.75 

$ 133.75 

T o taJ 
Costs 
(3) = 

(1 ) x (2) 

$33,600 

~2.000 

$85,600 

$58,850 

26,750 

$85,600 

EqujvaJent 
Units 

(4) 

() 

440 -
440 
-

O§ 
440 

Direct Materials 

Cost per 
E quivalent 

Unit 
(5) 

$30 

$301 

$30 

TotaJ 
Costs 
(6) = 

(4) x (5) 

$ 0 

13,200 

$ 13,200 

$ 13,200 

0 

$ 13,200 

Equivalent 
U nits 

(7) 

150 

450 -
600 -

'160§ 

600 

Conversion costs 

Cost per 
Equivalent 

Unit 
(8) 

$ 120 

$108 

$1 l l * 

$111 

$111 

Total 
Costs 
(9) = 

(7) x (8) 

$18,000 

48,600 

$66,600 

$48,840 

17,760 

$66,600 

•\ \ c:ightd-.n cragc cosr per cqun .1knt urnt ul translcrrcd-in costs = Total u·an.,fcrrcd-m cos rs divided by roral equivalent units of tr:in~fcrrcd-in cost5 = $85 ,600 + 640 = $13 3.7 5. 
\ \'c1glllc<l-.\\ cr.l!(C co>t' per cqui\ .1 len1 unit of dirct.L m J tCrt<lb = Ima I direct material~ CO!tts divided by total equjvafont uni ts of direct materia l~ = $ 13 ,200 + ++O = $30. 
\ It J-.J\<.:ra~<.: co.,t per equnalcnt unll of c1m\'c r,1cm co~t' = Tm.ii comcrsion cosrs divided b} coral equivalent u11ics o f conver'iion CO!tts = $66,600 - 600 = $11 1. 
f 1 .. 11b111--11 

Total 
Production 

Costs 

(10) = 
(3) + (6) + (9) 

$ 5 L,600 

11 3,800 

$ 165,400 

$ 120,890 

44,5 10 
$165,-+00 
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Ex-plain FJF() proccss­
cosong with cransferre<l-in 
costs 
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Ll!)ing the dollar :1111ounc fron1 Exhibit 17-13 (colun1n 10), the journal entry for 
lhe tn111-;fer (1UL of 'festing to finished goods inventory is 

Finished Goods 12D,890 

Work in Process-Testing 120,890 

To transfer units to finished goods. 

Entrie<> co die key T-accotu1t, \Vork iJ1 Process-le ting fo llow (fron1 Exhibit 17-13). 

Beginmng inventory, March 1 
Transferred -in· costs 
Direct materials 
Conversion costs 

Ending inventory, March 31 

Work in Process- Testing 

51,600 Transferred out 
52,000 
13,200 
48,600 

44,510 

120,890 

A co111pany may -;pl1t tbe \t\'o rk in Process account into Work in I>rocess­
Testing, Ti·ansferrcd-in Costs, \1\ 'ork in Process-Testing, Direct Materials, and 
\\1ork in Process-Testing, Con,·e r<>ion Cost!). The journal entries would contain 
th.i~ detail, though the underlying reasoning and Lechnigues would be unaffected. 

Transferred-in Costs and the FIFO Method 

Exhibit 17-14 (p. (>3-t) tlescrihes Step 3, the co1nputation of equivalent unit costs. 
'rhe costs transferred-in from the Asst:n1bly Deparo1ient are different when the 
\veighted-a\·er:.1ge r:o1Lher than the Flf() n1ethotl is used. Ex11 ibit 17-15 (p. 635) pre­
sents Step+. Panel ~\ of Exhibit l 7- 15 sumn1:.1rizes die total costs to account for, con­
sisting of the beginning in' en Lory plu~ cost~ added during the current period, under 
the FJf() n1ethotl. These costs totaling $ 165,880 differ from the totaJ debits to 
\\7ork in Proces:- under the 'vei~htc<l-a,·erage inelhoc.l of$ J 65,400 because of the dif-

~ --
ferent costs of con1plete<l unii:s transferred-in fro1n d1e Assea1bJy Deparanent w1der 
the \veighted-a\·erage :1nd FlFO n1ed1ods. Panel B of Exhibit 17-15 shows ho'v these 
costs are a~signed Lo unjrs co1npleu:!d and to units in ending work in process inven­
tory. \\Then •.l"s1gning costs, the FIFO n1cthod keeps the beginni11g inventory sepa­
rate and cli ... t incl !"ro1n die"' ork Jone;: during the current period. 

EXHI BIT i7-14 
Step 3: Compute Equivalent Unit Costs under the FIFO Method, Testing Department of Global 
Defense Inc., for March 19_7 

Eqflh'lllN1t 111111 cost.1 c{'1t·gn111i11p, 
work in prncc~.·· 

\Vork in process. I H~ginning 
(gi\'en. p. 630) 

DiYidc h) equivalent units of beginning 
work in proce~~ (from F'<.hibir 17- 1 l) 

Cn~L per equiv;tlt:nl u111r ofhr..:ginning 
wurk in procc:.:. 

Rq11iv1'11•nt unlf msrs of work do1Jt' m 
(fll'J't'/11 f't'rIOd 011~1' 

Cosu. added in current pi.:noJ 
(given. p. 630) 

Divide h} equi\ alenl uni LS or\\ ork done 
in current period (fr1>111 Ex.hih1t 17- 11) 

Co~t per t:(tt1ih1knt unit or" ork done 
Ill current period only 

Transferred­
in Costs 

$33,600 

+ 2.+0 

$ 140 

$52.480 

+ 400 

$1.U.20 

D i1·ect 
Materials 

$13,200 

+ ++O 

$ 30 

Conversion 
Costs 

$ ] 8,000 

+ 150 

$ 120 

$48,600 

+ 450 

$ 108 

c 
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EXHIBIT 17-15 Step 4: Summarize Total Costs to Account for and Assign These Costs to Units Completed and to Units in Ending Work in Process Using the FIFO Metho<f 
Testing Department of Global Defense, Inc., for March 19_7 

PANEL A: 

Transferred-in. Costs 

Equivalent 
Units 

(1) 

Cost per 
Equivalen t 

Unit 
(2) 

T OT • .\L CO T TO ACCOU!\1T FOR 

Y\'orl in process, 
heginnjng 
(from Exhibit 17-1 4-) 

\\Tork done in current 
perioJ only 
(from Exhibit 17-1+) 

lo account for 

PANELB: 
ASSIGNM.fu'\'T OF (.OSTS 

Completed and 
rr::insferreJ out 
(-+-+O phvsic::i l unit~) 

\:Vork in proces~. 
beginning (2+0 
physical u11i ts) 

\\ 'ork Jone u1 cwTent 
perioJ rn complete 
beginning work in 
proce~s 

Total from beginnmg 
1nn~nLOI} 

_tarted and completed 
c~oo physjcal wuts) 

Total completed and 
transferred our 
(-+4-0 physical unirs) 

\\ 'ork in process, enJing 
(200 ph) sic-JJ units) 

\c:counred for 

140 

.--- -+OO 

6-+0 

140 

2-+0 

200ti 

6-+0 

$1-+0.00 

$ 131.20 

$140.00 

$131.20 

$ 131.20 

Total 
Costs 
(3) = 

(1) x (2) 

$33,600 

52,480 

$86,080 

$33,600 

0 

33,600 

26,240 

59,840 

26,240 

$86,080 

Direct Materials 

Equivalent 
U nits 

(4) 

0 

440 
440 

0 

24ot 

240 

200~ 

440** 

O** 

440 

Cost per 
Equivalent 

U nit 
(5) 

$30 

$30 

$30 

Total 
Costs 
(6) = 

(4) x (5) 

$ 0 

13,200 
$ 13,200 

$ 0 

7,200 

7,200 

6,000 

13,200 

0 
$13,200 

Conversion Costs 

E quivalent 
Units 

(7) 

150 

.--- 450 

600 

150 

I t.1 o. rv 
90"-

440"" 

Cost per 
Equivalent 

Unit 
(8) 

$120 

$ 108 

$120 

$ 108 

$J08 

$108 

Total 
Costs 
(9) = 

(7) x (8) 

$ 18,000 

48,600 
$ 66,600 

$ 18,000 

9,720 

27,720 

21 ,600 

49,320 

17,280 

~ 66,600 

'lotal 
Production 

Costs 

(10) = 
(3) + (6) + (9) 

$ 51,600 

114,280 

$165,880 

$ 51,600 

16,920 

68,520 

53,840 

122 ,360 

43 ,520 

$ 165J380 

•Beginning work i.n process!~ I 00% complete as to lnmsferr1::d-in costs so zero equivalent units of transferred-in costs need to be added to complete beginning work in process. tBeginning work in 
process 1s 0% complete, \\ h1ch equals zero equivalent uruts of direct materials. To complete the 240 physical units of begi1mfog work in process, 240 equivalent units of duect materials need to be 
added. *Beginning work m process is 62.5% complete, which eq1ials 150 equivalent units of conversion costs. To complete the 240 physical units of beginn.ing work .in process, 90 (240 - 150) 
equi' a lent unit'> of conversion costs need to be added. § 440 total equivalent unit., completed and rransfen-ed out (Exliibit 17- 11 ) minus 240 equivalent uni rs con1pleted and transferred from 
begmnmg tn\·entOI) equals 200 equivalent w1its. **From Exhibit 17-11 . 
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U sing the <lollar a1nount fro1n Exhibit 17-15 (column 10) the journal entry for 
the transfer out Lo finished goods inventory is 

~ . 
Finished Goods 122,360 

Work in Process-Testing 122,360 

To transfer units to finished goods. 

Entries to the key T-account, \Vork in Process-Testing foUow, using informa­
cion from Exhibit 17-15. 

Beginning inventory, March 1 
Transferred-in costs 
Direct rnateria Is 
Conversion costs 

Ending inventory, March 31 

Work in Process-Testing 

51,600 Transferred out 
52,480 
13,200 
48,600 

43,520 

122,360 

Ren1ember that in a series of interdeparonental transfers , each departrnent is 
regarded as being separate and distinct for accounting purposes. All costs transferred 
in during a given accounting period are carried at one unit cost figure, as described 
when discussing modified FIFO (p. 623), regardless of whether previous depart­
ments used the weighted-average or the FIFO 111ethod. 

Common Mistakes with Transferred-.in Costs 

I-Iere are so rne cornmon pitfalls to avoid when accoun ting for n·ansferred-in costs: 

1. Remember to include transferred-in costs from previous departments in your cal­
culations. Such costs should be treated as if they \.Vere another kind of direct material 
added at the beginning of the process. In other words, when successive deparonents 
are involved, transferred units fron1 one deparonent becorne a LI or a part of the di­
rect materials of the next departn1ent; however, they are called u·a.nsferred-in costs, 
not direct materials costs. 

2. In calculating costs to be transferred on a FIFO basis, do not overlook the costs 
assigned at the begirming of the period to units that were in process but are now i11-

cl ucled in the units transfe LTed. r;'or exa:n1p le, do oot overlook the $51 ,600 in Exhibit 
17-15. 

3. Unit costs rnay Huctuate between periods. T herefore, transferred units may con­
tain batches accumulated at different unit costs. For example, the 400 uni ts trans­
ferred in ar $52,480 in Exillbit 17-1 5 using the FIFO method consist of units that 
have different unit costs for direct rnaterials and conversion costs when these uni.ts 
were \VOrked on in the Asseinbly Deparu11ent (see Exhibit 17-8). Remen1ber, how­
ever, that when these units are n·ansferrecl in to the Testing D epartrnent, they are 
costed at one average unit cost of $ 13 L.2 0 ($51,-1-80 + 400) as in Exhibit 17-15. 

4. Units rnay be measured in ditferent terms in different deparaJ1ents. Consider 
each <lepartrnent separately. Unit costs could be based on kilogra1us in the first de­
partment and li ters in the second, so as uni ts are received by the second departn1ent, 
Lheir n1easuren1ents rnost be converted to Liters. 
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Process Costing in the Ceramics Industry 
Ceram.ics, Inc., produces ceramic products (such as, multilayer packages for integrated 
circuits) in a batch flow manufacturing process. Forming and finishing are the two major 
production stages. 

+ Forming. Ceramic material is mixed, forced through an extruder, and sent to a 
dryer. 

+ Finishing. The products are fired in a kiln, cut, ground, and packaged. 

For many years Ceramics, Inc., has manufactured like or similar products 
in large production runs for industrial customers (termed "original equip­
ment manufacturers,'" or OEMs) such as computer companies and de­
fense companies. 

Ceramics, Inc., costs individual products using standard costs in a 
process-costing system. Cost data are accumulated and tracked for the 
forming and finishing operations. Conversion costs are allocated to de­
partments using standard (scheduled) hours of production time in each 
department. Depreciation on plant and equipment is included in this 
conversion cost. The controller at Ceramics believes that this system 
"accurately measures the cost of manufacturing OEM products." These 
products are manufactured in large batches in a highly standardized 
way. 

Ceramics, Inc., recently added a "custom production line" at its 
plant. This line manufactures ceramic products that vary greatly in production volume 
and frequently are tailored to each individual customer's needs. For example, custom­
designed nozzles used for pollution control are being manufactured for one customer 
who needs to rid its flue gas of sulfur. 

The controller is skeptical about the accuracy of product costs for these custom 
products bas.ed on the existing process-costing system. She believes that the costs of 
these products are driven by more variables than standard hours in production at each 
department. For example, many custom jobs require specialized finishing steps that are 
undertaken in a job shop adjoining the main production area. Currently she is keeping a 
separate, largely manual job-costing system that uses some data from the main system 
and some separately maintained cost data. 

The controller is now exploring ways to adapt the formal process-costing system to 
incorporate some elements of a job-costing system. Her point is that custom jobs put dif­
ferent demands on the resources of Ceramics, Inc., than does the average large produc­
tion run job. For these custom jobs, a hybrid costing system with elements of both process 
costing and job costing may be appropriate. 

Source: Adapted from U. Karmarkar. P. Lederer. and J. Zimmerman, "Choosing Manufacturing Production Control 
and Cost Accounting Systems," in R. Kaplan. Measures For Manufacturing Excellence (Boston, Mass.: Harvard 
Business School Press. 1990). Ceramics. Inc .. is a fictitious name for the actual company. 

PROCESS-COSTING SYSTEMS 535 
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PROBLEM 
.-llbetl Cbou1a1/s operates n thermonssembiy process r1s the second of three p1·ocesses or it.1· pl11stics p/1111t. 
Dirca 1J111terials i11 th11n11o({ssemb~y are added 111 the enrl of the process. Tbe following dt1tt1 pe11nin to 
tht Tbe-n11ofls.w:ull1iy Depflrtme11t Jur]tme 19 _ 7: 

• 
'''ark in process, beginning inventory 

Transferred-in costs (100% cornpl.ete) 

Direct materials (0% complere) 

C:on\•ersion costs (80% complete) 

50,000 units 

TransfetTed in during current period 

Con1pleted and rransferred out du1ing current period 

v\'ork in process, ending inven tory 

200,000 units 

210,000 units 

Transferred-in costs ( I 00% complete) 

Direct materials (0% complete) 

Con,•ersion costs (40'% complete) 

RFQl.'lRFD 
Compute the eqillvalent units for work done in the current period. 

SOLUTION 

Flo'v o f Production 

Completed and transferred out 
during current period 

Adel work in process, ending* 
(40,000 x 100%; -1-0,000 x 0%; 

40,000 X -1-0 o/o ) 

Tc>ta I accounted for 
D educt work in process, beginningt 

(50,000 >< LOO%; 50,000 x 0%; 
50,000 x 80%) 

(Step 1) 
Physical 

U nits 

210,000 

40,000 

250,000 

50,000 

Transferred in during current period 200,000 

\~'ork done in current period only 

(Step 2) 
Equivalent Un.its 

Transferred­
in Costs 

210,000 

+0,000 

250,000 

50,000 

200,000 

Direct 
Materials 

210,000 

0 

210,000 

0 

210,000 

Coaversion 
Costs 

210,000 

16,000 

226.000 

40,000 

186,000 

•Degree of completion in this department: tr:msferred-in costs, I 00%; d iren materials, 0%; conversion 
costs. 40%. 
to egree of completion in rhis department: cransfe1Ted-rn costs, 100%; direct inarenals, 0%; conversion 
costs, 80%. 

-rhe foJlo,ving point:, are linked to the chapter 's le,1ming objl.:!t ti\ es. 

1. Proces.::-costing; S)'"ten1s are used in 1ndusa·ies like che n1ical processing, oil n :fin­
ing, an<l hreakfast cerea ls to cost like or similar pro <lucts o r servi ce~ . The key feature 
or pruce'\<, costing i'> the aYer~1 ging o f COStS 0\'er ,l quantity (uften large) Of these like 
o r si n1 ilar u nits. 

2. T he four ker <; tcr " in a rroce5s-costing sy<;ten1 u'i ing equi\·alent units are (a) sun1-
n1ari1.e llo\\ o f phy~i c:-1 1 units of output, (b) cotnpute uuq1ut in tenn~ o f equi,·ale nr 
units, (c) c<,111putc cqujvalent unit cos ts, and (d) sum n1a rizc total co<>ts ro account for. 
~tnJ :ls~i!:-111 the.,e cost~ to uni rs complete d ~u1J tu unit!> in ending " o r.l in proce. "· 
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3. An equjvalent unit measures output in terms of the physjcal quantiti es of inputs 
necessary to pr oduce one fully complete u1ut of the product or service. Equivalent 
unit caJculation s are n ecessary \-Vhen all p hysical units of output are 11 ot llillformJy 
completed. 

4. Journal entries in a process-costing system. are si1ni lar to entries in a job-costing 
systen1. The main differ en ce is that in a process-costing syste.rn, there is a separate 
work-in-process account for each department r ather than for each job. 

5. The weighte<l-average n1ethod of process costing computes unit costs by focus­
ing on the total costs and the total equivalen t units co1npleted to date and assigns 
this average cost to units con1plered and to units in ending work- in-process inven ­
tory. 

6. The first-in, fust-out (FIFO) m ethod of process costing assig11s unit costs of the 
earliest equivalent units available to units comple ted, and the unit costs of the inost 
recent equivalent units worked on during the period to ending work-in-process in­
ventory. 

7. The use of standard costs simpUfies process costing because stai1dard costs di­
rectly serve as the costs per eqllivalent unit when assigning costs to units completed 
and to units in ending work-in-process inventory. 

8. The weigl1ted-average process-costing systen1 for transfe1Ted-in costs computes 
weighted-aver age costs for transferr ed-in costs by merging beginning work in 
process and work done in the current period. 

9. The FIFO process-costing syste n1 for o·ans fer red-in costs assign s u·ansferred-in 
costs in beginning work in process to units completed, and the costs transferred in 
during the curren t period to ending \\'Ork-in-process inven tory. 

--=---1 

·_,' TERMS TO LEARN . 

Tills chapter and the Glossary at the end of this book contain definjti ons of the fol lowing 
important terms: 

equivalent units (p. 615) 
fust-in, first-out (FIFO) process­

costing method (623) 
previous departn1en t costs (630) 

tran sferred-in costs (630) 
weighted-average process-costing 

m ethod (620) 

,, ASSIGNMENT MATERIAL . 
•Y 

QUESTIONS 
17-1 G1ve three exan1ples of indusa·jes that often use process-costing systems. 

17-2 In process costing, why are costs o ften divided into two main classification s? 

17-3 Exp.l ain equivalent units. '-'Thy are equi.valent-unit calculations necessary fo r 
process costing? 

17-4 V/hat proble1ns might arise in csti1nating the degree of co1npletio.n of an air­
cr aft blade in a macillning shop? 

17-5 Name the fou r key steps in p rocess costing when equivalen t units are con1-
puted. 

17-6 N ame the thr ee inventory methods commonly associated with process cost­
ing. 

17-7 D escribe the distinct ive characteristic of wejgh ted-average co111putations in 
assigning costs to units cornpleted and ending work in process. 

17-8 D escri be the distinctive characteri stic of FIFO con1putations in assigning 
costs to units completed and en djng \vork in process. PROCEss-cosrrNG svsTEMS 37 
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17-9 \\by should the FIFO method be called a modified or departmental FIFO 
method? 

17-10 Identifr a major advantage of the FIFO method for purposes of planning 
and control. 

17-11 ldencif)· the main difference bern·een journal entries jn process costing and 
the ones in job costing. 

17-ll "Srandard cost procedures are parriculaclyapplicable to p rocess-costing sit­
uations." D o you agree? Why? 

17-13 \\n)~should the accountant distinguish bet\veen transferred-in costs and ad­
ditional direct materials costs for a particular departtnent? 

17-14 "Previous deparrmenr costs are those incurred jn the preceding accounting 
period." Do you agree? Explain. 

17-15 "There's no reason for me to get excited about the cho1ce benveen the 
weighted-average and FIFO 1nethods in my process-costing system. I have 
long-term contracts with my materials suppliers ar fixed prices." Srate the 
conditions under which you \\'Ould (a) agree and (b) disagree with this stat e­
ment, made b)- a plant controller. EA-plain. 

EXERCISES 
17-16 No beginning inventory. International Electronics manufactures micro­

chips in large quantities. Each microcrup undergoes assembly and testing. 
The toral assern bly costs during] anuary 19 _ 7 were 

Direct materials used $ 720,000 

Conversion costs 760,000 

Total manu:factunng cosrs $ L..J.80,000 

I (J 

1. i\ssume there 'vas no beginning inventory on January 1, 19_7. During 
January, 10,000 microchips ~'ere placed into production and all 10,000 
microchips were fully completed at the end of January. What is the unit 
cost of an assembled microchip in January 19_7? 

2 . Assume that during February 10,000 microchips "'ere placed into pro­
duction. F urther assume the same total assembly costs for January are 
also in curred in February 19 _ 7, but only 9, 000 microchips are fully com­
pleted at the end of February. Ail direct materials had been added to the 
remaining 1 ,000 microchips. Ho,vever, on average, these remaining 
1,000 microch.1ps "''ere onJy 50% complete as to conversion costs. (a) 
\\That are the equivalen t unirs for direct rnaterials and conversion costs 
and their respective equivalent unit costs for February? (b) '~'hat is the 
unit cost of an assembled microchip in February 19_7? 

3. Explain the difference in your answers to requirements J and 2. 

17-17 Journal entries (continuation of 17-16). Refer to requirement 2 ofExer ­
cise 17-16. 

Prepare s11111mary journal entries for the use of direct materials and conver­
sion costs. Also prepare a journal entry to transfer out the cost of goods 
co111pleted. Sho"Y the postings to the '''ork in Process account. 

17-18 No beginning inventory, m aterials introduced in middle of process. 
Vaasa Chemicals has a mixing deparrment and a refining department. Its 
process-costing system in the mixing deparnnent has r\\~o direct materials 
cost categories (chemical P and cheinical Q) and one conYersion costS pool. 
The following darn pertain to the mixing departtnentfor July 19_7: 

l'rurs 
\\.ork in process, July 1 

Truts started 

Completed and rransferred co refining department 

0 

50,000 

35,000 
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Cos rs 

ChemicalP 

Chemical Q 
Conversi0n costs 

$250,000 

70,000 

135,000 

- ,. 

' 

Chemical P is introduced at the start of operations in the mfilng depart­
ment, and chemical Q is added when the product is three-fourths completed 
in the miring deparnnent Conversion costs are added uniformly during the 
process. The ending work in proeess in the mixing deparnnent is two-thirds 
co,mpleted. 
REQUIRED 
1. Compute the equivalent units in the mixing department for July 19 _7 for 

each cost element. 
2. Compute (a) the cost of goods completed and transfen·ed to the refining 

deparnnent during July, and (b) the cos_U>f work in proces~ of July 3 4 
19_7. 

17-19 Journal entries (continuation of 17-18). Refer to requirement2 o:fExer­
cise 17-18. 
REQUIRED 
Prepare journal entries. Assume that the completed goods are transferred to 
the refining department. 

17-20 Equivalent units and equivalent unit costs. Consider the following data 
for the satellite assembly division of Aerospatiale: 

Beginning work in process, (May J )* 

Started in May 19_7 

Completed during May 19_ 7 
Ending work in process (May 31)1· 

Costs added during M ay 19_7 

Physical Uhits 
(Satellites) 

8 

50 

46 

12 

•Degree of e0 mpletion : direct materials, 90%; conversion costs, 40%. 
tn egree of completion: djrecr materials, 60%; conversion cosrs, 30%. 

REQL'IRF-::> 

Direct 
Materials 

$ 4,968,000 

$32,200,000 

Conversion 
Costs 

$ 928,000 

$13,920,000 

1. C ompute equivalent units of work done in the current period for direct 
materials and conversion costs. Show physical units in the first column. 

2. C alculate cost per equivalent unit of beginning work in process and of 
work done jn the current period for direct materials and conversion 
costs. 

17-21 Weighted-average method. The Chatha111 Company makes chemical 
compounds in a single processing departmen t. The following inform ation 
a bout equivalent units and actual costs f0r J uJy 19 _7 is available. 

Direct Materials Conversion Costs 

Equivalent Total Equivalent Total 
Units Costs 

Work in process, July l * 20,000 $120,000 
W ork done during July 19_7 30,000 2 I 0,000 

To account for 50,000 $330,000 

Completed during July 19_7 34,000 ~ 

Work in process, Ju ly 31 t 16,000 ' 
*D egree oF completion : direct m a. teria ls, I 00%; conversion costs, 70%. 
toegree of completion: dfrect materials, I 00%; conversion costs, 50% . 

U nits Costs 

14,000 $140,000 

28,000 301,000 

42,000 $441,000 

34,000 ' 
8,000 ' 

PROCESS COSTING SYSTEMS l )39 
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\Vork in process. June I 
\Vork done in June 19_ ~ 

Completed in.June 19 _ -

\ \ 'ork in process.June 3 0 

Sumn1arize total costs to account for, and assign these costs to unjts com­
pleted (and transferred oat) and to units in ending work in process using the 
"' eighted-average n1ethod. 

17-22 FIFO method. Refer to the information in Exercise J 7-21 . 
.. u LlR. ) 

Do Exercise 17-21 using the FIFO method. 

17-23 Standard costing method. Refer to c:he information in Exercise 17-21. 
Suppose Chatham determines standard costs of $6. lO per (equivalent) unit 
for direct n1aterials and $10.20 per (equivalent) unit for conversion costs for 
both beginning \Vork in process and work done in the current period. 
A{J ..... 'L l'RLD 

1. D o Exercise 17-21 using the standard costing method. 
2. Pro ... ide jow·nal entries for the total direct materials and conversion costs 

variances for July 19 _7. 
17-24 Transferred-in costs, eqruvalent unit costs, working backwards. 

Bangkok Plascics has two processes-e.x.rtrusion and therrn.oassembly. Con­
sider theJw1e 19_7 data for physical units in the thennoassembJyprocess of 
Bangkok Plastics: beginning \\'Ork in process, 15 ,000 units; transferred in 
fro111 the Extruding D eparonent during September, 9,000; ending \vork in 
process, 5,000. Direct materials are added when the process in the Ther­
moassembly D eparonent is 80% complete. Conversion costs are added 
evenly during the process. Bangkok Plastics uses the weighted-average 
process-costing method. The follo..,,ring information is available. 

Transferred-in Direct Conversion 
Costs l\1aterials Costs 

Beginning work-in-process cosr $90,000 $45,000 

Cose per eqwvalent unit of 
beginning work in process $ 6 $ 5 

Costs added in current period $58,500 $57,000 $57,200 

Cost per equivalent unit of work 
clone in current period $ 6.50 $ 3 $ 5.20 

- er F .,. 

1. For each cost element, compute equivalent units of (a) beginning work in 
process, and (b) work done in the current period. 

2. For each cost ele1nent, compute the equivalent units in ending work in 
process. 

3. (a) For each cost element, ca lcuJate the percentage of completion of be­
ginning 'vork-in-process inventory, and (b) for each cost element, calcu­
late the percentage of completion of ending work-in-process inventory. 

17-25 Transferred-in costs, weighted-average method. Hideo Chemicals man­
ufactures an industrial solvent in two departments-alix:ing and cooking. 
This question focuses on the Cooking Department. During June 19 _7, 90 
tons of solvent were completed and transferred out from the Cooking D e­
partment. Direct materials are added at one point in time during the 
process. Conversion costs are added uniformly during the process. Hideo 
Chemicals uses the weighted-average process-costing method. The follo"''­
ing information about the actual costs for June 19 _7 is available. 

Transferred-in Costs Direct i\lateria1s Conversion Costs 

Equivalent Total Equivalent TocaJ Equivalent Total 
Tons Costs Tons Costs Tons Costs 

40 $+0,000 0 $ 0 30 $18,000 

80 $87,200 90 $36,000 75 S49,7'25 
. . - • ~ 

. 
: ; - . ; 

- - . . -
r - - - - ; 
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kt· 'l 1 r 
1. Calculate the equivalent tons of solvent completed and transferred out, 

and in ending v.•orkin process for each cost element. 
2. Compute cost per equivalent unit for beginning v.'ork in process and 

work done in current period. 
3. Summarize toraJ costs to account for, and assign these costs to units com­

pleted (and transferred out) and to units in ending \\ ork in process using 
the weighted-average method. 

17-26 Transferred-in costs, FIFO method. Refer to the information in Exercise 
17-'25. Suppose that IBdeo uses the FIFO method instead of the weighted­
average method in all its depamnents. The only changes Wlder the FIFO 
method are that the total transferred-in cost of beginning work in process is 
$39,200 and that the cost of work done in the current period is $85 ,600. 
Rl QL'lk.l 0 
D o Exercise 17-25 using the FIFO method. 

17-27 Transferred-in costs, standard costing method. Refer to the information 
in Exercise 17-25. Suppose Hideo determines standard costs of$1,050 per 
(equivalent) ton of transferred-in costs, $390 per (equivalent) ton of direct 
materials, and $6.+0 per (equivalent) ton of conversion costs for both begin­
ning work in process and work done in the current period. 

"'-L _, 
Do Exercise 17-25 using the standard costing method. 

PROBLEMS 
H 11-2s Weighted-average method. Global Defense, Inc., is a manufacturer of 

military equipment. Its Santa Fe plant manufactures the Interceptor missile 
under contract to the U.S. government and friendJ~ countries. All Intercep­
tors go through an identical manufacturing process. Every effort is made to 
ensure that all Interceptors are jdentical and meet many demanding perfor­
mance specifications. The product-costing system at the Santa Fe plant has a 
single direct-cost category (direct materials) and a single indirect-cost cate­
gory (conversjon costs). Each Interceptor passes through two depart­
ments-the Assembly Department and the Testing Department. Direct 
materials are added at the beginning of the process in Assembl). Conversion 
costs are added evenJy throughout the t\\'O departments. \\lien the .\ssem­
bly D epartment finishes v.·ork on each Interceptor. it is i1nmediatel} trans­
ferred to Testing. 

Global Defense uses the \veighted-average method of process costing. 
D ata for the Assembly Deparnnent for October 19 _7 are 

\~7ork m proces::., October 1 * 
Started during October 19 _ -

Completed during October 19_7 

Work in process, October 3 l t 

Costs added during October 19_7 

Physical Un.its 
~lissiles) 

20 

80 
90 
JO 

Direct 
~late rials 

s 460,000 

$2 ,000,000 

• Degree of complcllon• cltn.:ct matenals, r %; c:onvcr .. mn C<1Sl'i, 6() x . 
1 Degree of compleaon direct materials.?%; conversion costs, 70% . 

Conversion 
Costs 

$120,000 

'ii1J3 5 .000 

1. For each cost element, compute equi"alent units or \\'Ork done in Octo­
ber 19 _7 in the Assembly Department. 5ho\\ physical units in the fi rst 
column. 

2. For each cost element. calculate cost per equi\·;1lcnt unit of beginning 
"ork in process and of'' ork done in October 19 _7. PROCESS COSTING svsTE :11s 
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3. Summarize the total Assembly Department costs for October 19_7, and 
assign these costs to units con1pleted (and transferred out) and to units i,n 
ending work in process using the weighted-average method. 

17-29 Journal entries (con.tinuation of 17-28). 
RF(!l_TfRf'D 

Prepare a set of summarized journal entries for all October 19_7 transac­
tions affecting Work in Process-Assembly. Set up a T-account f0r W0rk in 
Process-Assembly, and post the entr·ies to it. H 17-30 FIFO .method (continuation of17-28and17-29). 
IU.QtJIRED 

Do Problem 17-28 using the FIFO n1ethod of process costing. Explain any 
difference between the cost of work completed and transferred out and cost 
of ending work in process in the Assembly Department under the 
~reighted-average 1nethod and the FIFO method. 

17-31 Transferred-in costs, weighted average (related to 17-28 to 17-30). 

\;\la rk in process, October I* 

Transferred-in during October 19_7 

Completed during October 19 _7 

\.Vork in process, October 3 rt 
Coste; added during October J 9 _ 7 

Global Defense, Inc. , as you know, manufactures the Interceptor inissile 
at its Santa Fe plant It has two departments-Assembly Department and 
Testing Department. This problem focuses on the Testing D epartment. 
(Problems 17-28 to 17-30 focused on the Assembly D eparanent.) Direct 
materials are added at the end of the Testi11g Department. Conversion costs 
are added evenly during the Testing Depa1·tment's process. As work in 
Assembly is co1npleted, each uru t is immediately o·ansferred to Testing. As 
each unit is completed in Testing, it is in1Illecliately transferred to Finished 
Goods. 

Global Defense uses the weighted-average method of process costing. 
D ata for the Testing D epartment for October 19_7 are 

Physical Uni ts 
(Missiles) 

30 

105 

15 

Transferred--in 
· Costs 

$ 985,800 

$J, l 9.2,H66 

Direct 
Materials 

$ 0 

$3,885,000 

Conversion 
Costs 

$ 33 1,800 

$1,58 1,000 

~Degree of complecion: transferred-in coses, ?%; direct macerials, ?%; conversion costs, 70%. 
t Degree of com plecion: transferred-in costs, ? % ; di reet materials, ? % ; coo version costs, 60%. 
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Rl'QUTRFD 
1. 'What is the percentage of con1pletion£or (a) transferred-in costs and direct 

rnaterials in begiiuling work-in-process invento1y, and (b) ttansferred­
in costs and direct 1nater1als in ending work-in-process inventory? 

2. For each cost ele1nent, compute equivalent ·units of work done in Octo­
ber 19 _7 in the Testirlg Deparanent. Show physical units 1n the first 
column. 

3. For each cost eJement, calculate the cost per equivaJentunit of beginning 
work in process and of work done in October 19 _7. 

4. SUJnmarize total Testing Departn1ent costs for October 19_7, and assign 
these costs to units completed (and transferred out) and to units in end­
ing work in process using the .. veighted-average method. 

5. Prepare journal entries fo r October t ransfers from the Asse1nbly Depart­
ment to the Testing D eparttnent and from Testing to Finished Goods. 

17-32 Transferred-in costs, FIFO costing (continuation of 17-31). 
Ri<Ql lRED 
t ..Tsing the FIFO process-costing method, do the require1nents of Problem 
17-31. T he tran sfen·ed-in costs fro.m the Assen1bly Deparunent for the be­
ginning work jn process on October 1 are $980,060. During October, co ts 
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., 17-33 

transfer red in to the Testing Department are $3,188,000. All other data are 
unchanged. 
Weighted-average method. Star Toys manufactures one type of wooden 
toy figure. It buys wood as its direct rnateriaJ for the Forming D epartment 
of its MacLison plant. ' fhe toys are transferred to the Finishing D eparonent, 
where they are hand shaped and metal is added to them. 

Star Toys uses the weighted-average method of process costing. Con­
sider the following data for the Fon:ning D epartinent in April 19 _7: 

Physical Units Direct 
(Toys) Materials 

Work in process, April 1" 300 $ 7,500 
Started during April 1? _7 2)200 

Completed during April 19 _7 2,000 
Work in process, April 3ot 500 
Costs added during April 19 _7 $70,000 

*Degree of completion: directmaterials, 100% ; conversion costS, 40%. 
toegree of completion: direct materials, 100%; conversion costs, 25%. 

P FC.il 

Conversion 
C osts 

$ 2,125 

$42,500 

Summarize the total Forming D epartment costs for April 19 _7, and assign 
these costs to uni ts completed (and transferred out) and to units in ending 
work in process using the weighted-average method. 

17-34 Journal entries (con tinuation of 17-33). 
"L [ 

Prepare a set of sumtnarized journal entries for alJ April transactions affect­
ing Work in Process-Fonning. Set up a T -account fo r \ .:Vork in Process­
Forming, and post the entries to it. 

H 17-35 FIFO com putations (continuation of 17-33 and 17-34). 
R .. Qllll''' u 
D o Problen1 17-33, using FIFO and four decin1al places for unit costs. 
Explain any difference between the cost of work co1n pleted and n·ansferred 
out and cost of ending work in process in the Forming D epartment under 
the weighted-average method and the FIFO method. 

17-36 T ransferred-in costs, weighted-average (related to 17-33 through 
17-35). Star Toys manufactures wooden toy figures at its lviadison plant. It 
has two departments-the Forming D epartment and the Finishing D epart­
ment. (P roblems 17-33 to 17-35 focused on the Forn1ing Deparnnent.) 
Consider now the Finishing D epartment, which processes the fonned toys 
through hand shaping and the addition of metal. For sirnplicity here, sup­
pose all additional direct materials are added at the end of the process. Con­
version costs are added evenly during Finishing operatio•1s. 

Star Toys uses the weighted-ave rage method of proce.:;s costing. T he 
following is a summary of the April 19 _7 operation!> in the Finishing 
D epartment: 

Work in process, April I* 

Transferred- in d1Jring April 19 _7 

Co1n pletcd during April J 9 _7 
'A'ork in proccs<;, April 3ot 

CC>stc; added during April 19_7 

Physical Units 
(Toys) 

500 
1,000 

2,J 00 

400 

lransf erred-in 
Costs 

$ 17,710 

$ 104,000 

•Degree of complcuon: tnm~forred-m costs, I 00%; dirccl materials, 0%; convcr-.mn u>sts, 60% 
1 Dcgrc.:c of complcuon. lTansferrcc.1-in costs, l 00%; direct matcnal,, 0%, l:On\ er~ion cn,L\, 10%. 

Direct 
Materials 

$ (l 

$23,100 

Conversion 
Costs 

$ 7.250 

$38,400 
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l. Sa1nmarize the totaJ Finishing Deparanent costs for ApriJ 19 _7, and as­
sign these costs ro units con1pleted (and transferred out) and to uni ts in 
ending ,.vork in process usjng the weighted-average method. 

2. Prepare journal entries for ApriJ transfers from the Fonn1ng Department 
to the Finishing Department and from the Finishing D epartment to Fin­
ished Goods. .. 

17-37 Transferred-in costs, FIFO costing (continuation of 17-36). 

1. Using the FIFO process-costing n1ethod, do the requirements of 
Problem 17-36. The transferred-in costs from the Forming Department 
for the Aprll beginning work in process are $ 17,520. Dw·ing April, the 
costs transferred in are $ 103,566. All other data are unchanged. 

2. Explain any difference between tl1e cost of work completed and trans­
ferred out and cost of encling work in process in the Finishing D epart­
ment under the '.veighted-average method and t he FIFO method. 

17-38 T ransferred-in costs, weighted-average and FIFO. Frito-Lay, Inc., .man­
ufactures convenience foods, including potato chips and corn chips. Produc­
tion of corn chips occurs in four deparon.ents: cleaning, n1iring, cooking, 
and drying and packaging. Consider tbe Drying and Packaging Deparanent, 
"vhere direct materials (packaging) is added at the end of the process. Con­
version costs are added evenJy during the process. Suppose the accoru1ting 
records of a Frito-Lay plant provided the following information for com chips 
in its Drying and Packaging D epartment during a weekly period (week 3 7): 

Physical Units 
·(Cases) 

Transferred-in 
Costs 

Direct 
Materials 

Conversion 
Costs 

Beginning work in process, week 3 7* 
Transferred-in during week 3 7 

1,250 $29,000 $ 0 $ 9,060 

fro111 Cooking Deparnnent 
Con1pl eted during week 3 7 

Ending work in process, week 371 

Cosrs added <luring week 37 

5,000 

5,250 

1 ,000 
$96,000 $25,200 $38,400 

'Degree of compleaon: transferred-in costs, I 00%; direct marerials, ?%; conversion costs, 80%. 
1 Degree of compk:tion: transferred-in costs,?%; direct materials,?%; conversion cose., 40%. 
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J 

1. For each cost element, con1pute equivalent units of work done in week 37 
i.n the Drying and Packaging Depar011ent. Show pJ1ysical uni ts in the 
first colurnn. 

2. Sun1rnarjze the tota l D1ying and Packaging Deparanent costs for 
week 3 7, and assign th~se costs to uruts cornpleted (and transferred out) 
and to units in ending work in process using the 'veighted-average 
1nethod. 

3. Assun1e that the FIFO metl1od is used for the Drying and P ackaging 
D epartment. The a·ansfe1Ted-in costs for work-in-process beginning 
inventory are $28,920. The transferred-in costs during the week 
from the Cooking Department are $94.000. All other data are un­
changed. Summarize the total Drying and Packaging Deparnnent 
costs for ""eek 3 7 and assign these costs to uni ts co1npleted (and 
transferred out) ;1nd to units in ending "vork in process using the FIFO 
1nethod. 

17-39 Standard costing with beginning and ending work in process. T he Vic­
toria Corporation uses a standard costing system for its manufacturing oper-
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ations. Standard costs for the cooking process are $6 per unit for direct 1na­
terials and $3 per unit for conversion costs. All direct materials are 
introduced at the beginning of the process, but conversion costs are added 
unifonnly during the process. The operating summa1y for ~1ay 19_7 in­
cluJt:J Lhe following data for the cooking process: 

Work-in-process inventories 

May l : 3,000 units* 
(direct ntaterials $18,000i conversion costs $5 ,400) 

May 31: 5,000 uilltst 

Units started in May: 20,000 

Units c01npleted and transferred out of cooking in May: 18,000 

Additional actual costs incurred fo r cooking dw·ing lvlay 

Direct ma teri a Is: $12 5, 000 

Conversion cost: $5 7 ,000 

*Degree of completion: direct materials, l00%; conversion costs, 60%. 
to egree of completion: direct materials, 100%; conversion costs, 50%. 

l. Con1pute the total standard costs of units transferred out in May and the 
total standard costs of tlie May 31 inventory of work in process. 

2. Compute the total May variances for direct materials and conversion 
costs. 

17-40 Equivalent unit computations, benchmarking, ethics. Margaret Major 
is the corporate controller of Leisure Suits. Leisure Suits has 20 plants 
worldwide that manufacture basic suits for retail stores. Eacb plant uses a 
process-costing system. At the end of each month, each plant manager 
submi ts a production report and a production-cost repo rt. Tbe produc­
tion report includes the plant manager's esti1nate of the percentage of 
con1pletion of the ending work in process as to direct n1aterials and con­
versjon costs. Major uses these estimates to con1pute the equivalent un its 
of work done jn each plant and the cost per equiva len t uni t of work done 
for both direct materials and conversion costs in each month. Plants are 
ranked fro n1 1 to 20 in terms of (a) cost per equivalent unic of direct mate­
rial s, and (b) cost per equivalen t unit of convers ion costs. Each month 
Major publishes a report that she calls "Benchmarking for Efficiency 
Gains at Leisure Suits." The top three ranked plants on each category re­
ceive a bonus and are written up as the best in their class in the con1pany 
nt:w~lettt:r. 

Major has been pleased with the success of her benchn1arking pro­
gram. IIowi>vcr, she has heard some disturbing news. She has received some 
unsigned letters stating that two plant managers have been 1nanipulating 
their n1onthly esti1nates of percentage of co1npletion in an attempt to obtain 
best in class stan1s. 

1. llow and why might plant managers "1nanipulate" their n1onthly esti­
rnates of percentage of completion? 

2. Major's first reaction is to contact each plant controller and discuss the 
proble1n raised by the unsigned letters. Is that a good idea? 

3. Assun1e that the plant controller's pri111ary reporting responsibility is to 
the plant manager and that each plant contro ller receives the phone call 
from Major mentioned in requirement 2. What is the ethical responsibil­
ity of each plan t controller (a) to Margaret Major, and (b) to Leisure Suits 
in relation to the equivalent unit information each plant p rovides for the 
"Benchn1arking for Efficiency" report? 

PROCESS COlillNG SYSTEMS I 6 
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4. Ho'' might Major gain so1ne insight in to \\'hether the equivalent unit fig­
ure'> proYided by particular plants are being n1aillpulated? 

COLLABORATIVE LEARNING PROBLEM 
17-4-1 \.\reighted-average, FIFO, standard costs methods, working back­

wards. "I am astounded thar \ Ve cannot find the cost records for the month 
of July 19 _7," said G reg Andre\\TS, plant n1anager of Detroit Component 
Works (DCVV). 11 have a division meeting to attend where I will be asked 
about the plane's July performance compared to June. All I have no\v are 
the weighted-average cost figures, bnt those nnmbers are hardly helpful 
in anSV.'ering the question Of "\Vbether \Ve have unproved OUT perform­
ance this month compared to the previous months. I think vie have im­
proved the efficiency of ow· operations, and direct materials prices have 
also been lower, so I was expecting to report some good news at the di­
\'ision meeting. I need those July numbers and I need them now.>' DC~T 
makes co1nplex aircraft engine con1ponents in two operations-machining 
and assen1bly. The following is a sun11nary of the Assembly operations 
inJuJ~r 19_7. 

\1Vork in process, July I* 

Transferred-10 during July 19 _7 

Completed during July I 9_i 
\!Vork in process, ] uly 31 I 

Costs added during July 
l,~leightt:d-average cost per 

equivaJent unit 

Physical 
Units 

I :!O 

200 

220 

100 

Transferred-in 
Costs 

$16,800 

$ 131.25 

D jrect 
Materials 

$ 0 

$~0 

Conversion 
Costs 

$9,000 

' 

$ 11+ 

'Degree of completion: tr:lJlSferred-m coses, 100%; tlirecuuarenals, 0%; conversJOn costs, 5/8 or 62.5%. 
1 D~gree of completion: transferretl-m costs, I 00%; direct materials. 0%; conversion costs, 80%. 

L ( I{> 

Form groups of t\\'O or three stu<lenrs. Compute the missing nun1bers. Then 
discuss requirements 4, 5, aJ1d 6 among yourselves to prepare for class 
discussion . 
U QL Pl I, 

1. For each cost element, compute the equivalent unjts of \vor.k done in the 
current pe1iod. 

2. For each cost element, calculate the cosc per equivalent unit of beginning 
work in process. 

3. Calculate the coral Assen1bly Deparrn1ent costs ro account for in July 
19_7 for each cost element. 

4. For each cost ele1nent, ca lcuJare the cost per equivalent unit of work 
performed in the current period. These are the numbers that Greg 
Andrews "vants for the Jivision n1eeting. Prepare a brief report com­
paring and commenting on the cost per equivalent unit of work done 
in the current period \\•ith the cost per equivalent unit of beginning in­
ventory. 

5. \,\'idJo~t doing any further calculations, do you think the cost of units 
completed and transferred out in July 19 _7 would have been lower or 
higher if DC\\7 had used the FIFO rather than the "veighted-average 
method? \ Vhy? Explain briefly. 



TERADATA, Ex. 1013, p. 680

1. 6. DCW is looking to add more varjations of the components it currently 
manufactures to its product line. Gina Davis, the plant controller, b€­
lieves that if jt does so, DCW should consider implementing a standard 
costing system. The ·assistant controller, Tom Rogers, however, feels that 
a job-costing syste1n might be more appropriate. vVhat do you think 
DCW should do-n1aintain its cwTent syste1n, adopt a standard costing 
system, or switch to a job-costing system? 

F ROCESS·COSTING SYSl EMS 
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a 

II 

II 

l i' " 

Nally & Gibson Georgetown, Inc. 
\\11cn '-=ally & (~1hson C1eorgetO\\'l1 , Inc., ,,a., roun<le<l 1n 1955, busi­
ne.,., ''a , -;o to <ipt:ak. rocky-and it has stnycd that wa} ever since. 
\\ h) ~Because Nal4· l:- Gibson 1111ncs and supplies l11nestone rock 

frotn its ~OU-acre quart). 0 ItH1ng full} 1nined the quality lin1e­
stonc from the surface. ~.111) & (;1bson\ 1nining operauons take 
place 350 feet underneath their quarry. fJ The underground rock 
n1u-;t fir t be loosened h) c.trcfully placed dynan1ac charges. I) Ir js 
then loaded into rnteks and trnnsponed to the surface, ''here it is 
taken to a rock cn1sh1ng plant. Here the lin1t!stonc • ., broken into 

.,n1allcr pieces. D ·1 ·hcsc pieces arc then earned h} :1 conveyor belt to 

.1 -.cl·o1HJ Lrushing plant. D By using filtering screens, rocks in the 
second crusher arc separated by size. Because size is the n1ain 

and somerin1e'> onh difference among ~alh & Gibson's dif-
L • 

ferent rock produch. the second crushing plant is considered 
the split-off point for tn:tn} of those products. 

a 
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II 

D 

D Once the rocks are separated by size, each 
grouping leaves the second crushing unit on it<> own 
conveyer belt. These conveyers transport the rocks 
to various stockpiles, D fronJ which they can be 
loaded onto trucks for customers llJ or moved to 
storage piles fa rther away from the crushing plants. 
Although the CO'mpany seJls rocks of alJ different 
sizes, certain sizes are n1ore popular and, therefore, 
command higher prices. D Rocks that are either 
too hn:ge or too sm.all to sell are used to fill reclaimed land on the 
quarry's surface. Because its products come From the same source, 
are processed in the same way, and vary only in size, Nally & Gib­
son uses a process costing system. [I!] One of Lhe biggest costs tlus 
syste1n must track is the depreciation oo equi pn1ent such as the rock 
crushers and co1npany trucks. By approprjately tracking and allocat­
ing th is and all other costs, Nally & Gibson's cost accounting sys­
tem helps keep t he co1npany rock soJid. 
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NALLY & GIBSON GEORGETOWN, INC. 
Cost Allocation and Process Cnsting 

ou dn,·e on it. walk on it, \Vear it, and even h1·ush 
~our tt'eth "ith iL. For 3 ct!nts, you cm buy 10 
p«>unds of 1t. \ ·\'hat is 1t: Lin1estone. I t's a versatile 

natur<.LI re~ource found 1n aspha lt high,vays, concrete side­
walks, cosrnetics. ~nd toothpaste, to n~1mc a fe,v. Na lly & 
(;1h:,on (.;eorgctcn\·n, Inc., in cena·al Kenruck1~ has been a 
pri1nary supplier of quaJiry Lin1estonc products since l 95 5. 
()vcr the years, d1e con1pany has seen many changes as its 
business anJ its loc;1l econon1y have n1atured. Tts rock 
quarry operations are a good example of the role cost ac­
counting can play in <1 process-based husines<;. 

Considered a co111n1od ity. I in1cstone rock is ex­
tracted fro1u Nally & Gibson'<; underground nunc located 
350 feet below die ori€:,rin<1l 200-acre surface of the qu;irry. 
Limestone used to be mined on 1..he surface, but die sup­
ply of quality surface rock has been exhau red. Engineers 
estimate that close to -H> 1n1llio n tons of good qua li ty 
limestone rock still rema in to be n1ined underground. 
1~he production process involves three pri1nary stages. 
First, rhe rock is hlastcd with dynarnite charges to loosen 
it. T he large li.Jne'>tone roc:ks are loacleJ into 35 -ton ca­
pacity trucks for transport to one of nvo rock-crushing 
plants located at die quarry. Next, the rock is dun1ped into 
a crusher, whi ch breaks the rock<, into smaller pieces. 
These pieces dien travel by conveyer to a second crus he r, 
wbere the split-off point for various siles of rock occurs. 
F inall y, the rocks are sepa rated into different sizes. Filter­
ing screens are used to separate the pieces int<J their re­
spective size groupings. The different sizes of rock are 

QUESTIONS 

1. Which costing system would you suggest Nally & Gibson 
use to determine product costs? 

2. Because the mining of limestone rock has an effect on the 
surrounding environment, what costs would you expect 
Nally & Gibson to incur related to maintaining and preserv­
ing the environment? 

3 What quality issues might be associated with the mining 
and production of different rock sizes? How are costs and 
prices affected by these issues? 

4. If Nally & Gibson called the processing plant a joint cost 
area, how would 1t use an estimated net realizable va lue 
joinl costmg method? 

5. How might Nally & Gibson use a revenue mix va riance 
ana lysis to examine profitability changes over time? 

carried by 1nultipl e con veyers to va ri ous stockpiles , ' .vhe re 
they c:1n be lo.1de<l onto a·ucks for cus to1·ners or moved to 
a storage pile away fron1 di e c1·ush.ing plant. Na lly & Gib­
son uses process costi ng to deterrn ine the cost per ton of 
li111 estone rock processed. All rock is processed in a rela­
cively hornogcneous 'Nay, and all costs are placed into a 
single CO!,t pool. By diis ut.e of a single cost pooJ, the com­
pany can ca lcu late an equiva lent cost per ton of limestone 
rock. 

Pricing of the quarry's diircy-six different sizes of 
rock is large ly driven hy n:ia rket conditions and competi­
tive forces. The 1n.ost popular rock sizes are those with di­
an1eters of 1/4 to 3/8 inch , and they command a highe r 
per-ton pri ce. \!Vhile the rock-crushing process produces 
varyin g sizes of rock, nothing goes to "vaste . Rocks that 
are too large to he crus hed a.nd the fine sand produced in 
crushin g are used to fil l in reclain1ed surface land at the 
quarry. Byproducts, such as unpopular rock sizes that are 
unavoidable in the crushing process, ;;u·e sold at lower 
prices as dictated hy di e niarket. 

VVithin a 25-mile radius of r--.TalJy & Gibson are six 
other quarries that offer the same products . Because pric­
ing is so compeLiri ve, 1nanage rs a t N ttlly & Gibson keep a 
close eye on t:osts to ensure operation~ remain profitable. 
1\tl ajor costs for the business include depreciation on $5 
n1illion worth of eq uipo1ent; labor, repair, and n1ait1te­
nance; Juel ; tTansportacion; and safety and environmental 
protection costs. The result5 of ope rati ons are revie,ved 
weekly by the con1pany's manage1nenr team. The cost 
data have heen particularly useful for identifying whether 
certain expend itures are within exp ected ranges and have 
g-iven 1nan:igcrs better infon11ation with "vhich to maxi­
n1i7.e the quan1·"i prnlitability. + 
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.... -... -
.... 

Reducing spoilage, reworked units, 
and scrap is an important aspect of 
cost n1anage111ent. Motorola n1oni­
tors both financiaJ and nonfinanciaJ 
variables in its efforts to minimize 
reworked units and scrap, and to 
im.prove quality. Moto1·ola estim.ates 
that these initiatives have resulted 
in billions of dollars of cost savings. 

ITS, 

After studying this chapter, you should be able to 

l. Distinguish among spoilage, reworked Wliti;, and scrap 
2. Describe the genera l accounting procedures for norn1al 

and abnonnal spoilage 
3. Account for spoi lage in proc(;ss costing nsing rhe 

weighted-average method . . 
4. Accolli1t for spoilage in proces:. costing uc:;mg the firsr­

i.n, first-ouL n1ethod 
5. AccoW1L for spoilage in proceo;o; costing using the srnn-

dard costs 1nethod 
6. Account for spoilage in job costing 
7. Account for reworked unib 

8. Account f o.r scrap 
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OBJECTIVE 1 

Disangmsh runong spoilage, 
reworked units and scrap 

The ernpha~is o n quaLiry, and the. l1igh costs or c;poil age, re\\·o rke<l uni ts, an<l scrap, 
hac; resul ted in n1anagers paying close attention to these costs. Spoilage re fers to 

unacceptable units of production Lh:::it are discar<le<l or are sold for net disposal pro­
c:ecds. Parti;.1llr coo1pleted or fully con-1plctcd units of output rnay be spoiled. Exan1-
pJe:. are J efecti\ e shirts, jeans, shoes anc.l c::i rpets ~old as "seconds," and defective alu­
minum cans '>old to alununun1 rnanufocrurer<, for re1nelting and production of 
alu1ninun1 foils. Reworked units ar~ unaccept::ihle Hnit-. of production that are sub­
'iequently re'A·orked an J sold as acceptable finished goods. For exaTnple, d efective 
unit'> or pro<luct~ such as pagers, computer disk drives, computers, and telephones 
can o.:;on1e tin1es be repaired an<l so ld as gooJ products. Scrap is n1aterial left over 
\·vhen n1aking a m ain or joint product. Scrnp is defined in Chapter J 5 as a product 
lhat ha'.> n1ini1nal (frequenLly 1,ero) sales va lue ccnnpnred "'·ith che sales \'alue of rhe 
n1ain or joint product(s). Exan1ples are shn,·ings ;u1d short lengths fron1 \vood,.vork­
ing operations, steel edges left over fron1 stan1ping operations, an<l frayed cloth and 
end cuts froo1 suit-n1aking opera tio ns. 

Recording and identifying the costs of spoilage, re\vork, and scrap helps 1nan­
agers n1ake more in formed decisions, especial I y concerning pro<luttion sys terns. For 
exn1nple, major reductions in these costs might help rnanagers justify invcsonents in 
cutung-e<lge production syste1ns such as ju!>t-in-tin1e (Jln an<l co1nputer-integrated 
n1anufacturing (CUVJ). This chapler concentrates on how· spoilage, rc"'rork, and scrap 
are recorded in managen1ent accounting systen1s. 

J\~ANAGEMENT EFFORT AND CONTRC.) L 
Son1e a1nount of spoilage, re"vork, or scrap ~1 ppears to be :u1 inherent part of many 
production processes. One exan1ple is scn1iconductor n1anufacturing, where the 
products a re so con1plex and delicate that so1ne spoiled units are invariably pro­
duced. L1 this case, the spo il ed units cannor he reworked. An exarnpl e invo lving 
spoilage an<l re\i\'o rk occurs in the manufacture of high-precision machine tools that 
rnust he built to very den1anding tolerances. In this case, spoil ed w1its can he re­
\vorked to n1cet standards bur only ar a considerable cost. And in the n1ining indus­
try, co1npanies process ore that contains ,·ar:ing an1o un ts or valuable n:i etals and 
rock. So1nc a1nou nt of rock, \vh.ich is scrap, is ine,itable, but its vo lun1e can often be 
<lecrea!>ed. /vlanagers in Clll industries 111ust strive to reduce coscl} spoilage , rework, 
and sc rap. F'or example, manager., can take steps to unprove quaLity and reduce costs 
by designing better products and processes, tn1i1

1
ning and n1ot1vacing workers, and 

proper!}' n1aintaining n1<lchines. -
In 111any ca'>es, gr <)\ving competition in the global rnarkct pL1ce has forced rnan­

agers tu focus o n imprO\'ing quality. Executi,·es ha\'e learneJ that a rate of defects re­
garded a<; norrna l in the pac;t is no longer tolerable. Consider these 'vords from a 
speech by George Fisher, the fonner chief executive officer of .iVlotorola, an elec­
rronics roanufacturer: 

\i\Te \<\·ant to in1pro\'e our quality in e,·e1ything 've tlo by ten tin1es in t\vo years, 
by a h11J1drcd ti1nes in fou r year'i, and in .:;ix yea rs ... ilirec and a half defects for 
every 111illion operations, '' hether typing. rnanufacturing, o r serving a cus­
ron1cr. 

SJ'l)ILAGE I>! GEN ERAL 

Describe t.he i;.encral ac­
counting procedure.-; for nor­
n1al and abnonnal spo1Ltgc 

652 CHAPTER 18 

1\vo key object.ives \Vhen accounting for '>poilage arc dctcn11ini.ng the n1agnirudc_of 
the costs of spoi lage and di~cin~rt1 ishing bet\\ een the co::.ts or norn1al ancl abnor111al 
spoilage. 1Vlan;1gerc; u::.t thi-. inrorrnaLion both lo cuo.:;r product-; .ind to concrol and re­
duce co'its br in1proving the qualit} of the product and proce-.s. 

There rs an un1nistakahle trend in 111anufocturing ro rncrea'>e quality. \\ 11y~ Be­
cause 1nanagcrc; Ht con1panics, -.uch as l\T& T, IBA'l. an<l :\ Til liken Corporation haYe 
round tl1 ;1t i111pro\'ed quality and intolerance for h1 g h spoilage haYe lowered 0\'Crall 
co<;t<; and increa <ied '>a lc<i. The accounting procedure., in rhi~ ~ectiun highlight 
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spoilage costs so that they are not ignored or buried as an unidentified part of the 
costs of good units manufacn1red. 1 

Normal Spoilage 

NonnaJ spoilage is spoilage that arises under efficient operating conditions; it is an 
\ .... \ inherent result of the particular production process. For a given production process, 
r management must decide the rate of spoilage it is willing to accept as normal. Costs 

1>.; of norn1al spoilage are typically vievved~ a Qar_!:_Qf the costs of good units manufac-
~d, when good units cannot be made withoutthe simultaneous appeara11ce of 
spojled unit;;. _ 

Nonna! spoi lage rates should be computed using the fotal good units _sompleted 
as the base, 1!9t the total nrtunl w1jts started. Why? Because total actua l units started 
also include any abnormal spoilige in addition to nonnal spo ilage.. 

Abnormal Spoilage 

Abnormal spoilage is ~poilage that is notex_p_e.cte.clto ar.ise under efficient operating 
conditions; it is not a.ILinherent _FJart of the chosen production process. Most abnor­
mal spoilage is-usually regarded as- avoidahle. and controllable. Line operators and 
other plant personnel can generally decrease abnormal spoilage by mininuzing ma­
chine breakdowns, accidents, and the like. AbJ1ormal spoilage costs are written off as 
losses of the accoUl1ting period in which detection of the spoiled units occurs. For 
the in.ost informativefeedback, the 1.:0ssirom Ab_J1ormal Spoila~account should 
appear in a detailed incon1e statenient as a separate line iteu1 and not be buried as an 
indistingtnshable part of the cost of goods manufactilled. 

Many companies such as the Toyota lVIotor Corporation adhere to a perfection 
standard as a part of their emphasis on total quality control. Their ideal goal is zero 
defects. I-Ience, aU spoilage \VOulcl be treated as abnormal. 

PROCESS COSTING AN IJ SPOILAGE 

Count All Spoilage 

Spoiled units can either be recognized (approach A) or not counted (approach B) 
wben computing output unjts-actual or equivalent-in a process-costing systen1. 
Approach A rnakes visible the costs associated with <ipoiJage. Approach .B spreads the 
spoilage costs over good units, potentially resulting .in less accurate pro<luct costs. 

Spoilage is typically assurned to oc~ur.at th~srage~ of completion wh~re inspec-
~on rakes place. VVhy? Because spoilage is not detected until that point. 

EXAMPLE 1 Chip1nakers, fnc., 111anufactures computer chips for te levision 
sets. All direct materiab are added at Lhe beginning of the chipn1aking process. 
To highlight issues th.at arise with spoilage, we assu1ne no beginning inventory. 
In May 19_7, $270,000 in direct rnaterials \vere introduced. Production data 
for .i\tlay indicate thal J 0,000 llnits were slarted, 5,000 gootl units \Vere com­
pleted, 1,000 uruts \Vere spoiled (a ll nonnal spoilage). Ending work in process 
had 1,00.Q_units (each 100% complete as to direcl 111aterials <.:O'>ts). Spoilage is 
detected upon completion of the process. 

The direct 111atcrials unit c:u'it'i arc cornputed and assigned using approaches A 
and B a!:i shown in Exhihit 18-l. Not counting the equivalent units for spoilage de­
creases equiva lent units, resulLing in a higher cost of ench good unit. A $30 equiva­
lent unit cost (instead of a $27 equivalent unit cost) is as.:;igncd to vvork in process 
that has not reached the inspection point. Sin1ultancously, 1.he tlirecL n1aterials co<;ts 
assigned to goo<l units co1npleted, \·vhich include the cost of norn1al .:;poil age, are con 
low ($ J 50,000 instead or$ J 62,000). Con!:iequendy, ll1e 4,000 units in ending \·\'Or~ in 
process contain costs o[ spoilnge of $12,000 ($120,000 - $108,000) that do not 

i-rhc helpful suggcsrions uf ~an1ucl Lain1011, U111vcr~ity urs:i~k:'ltchcw:in, are grate fnll y ~Kknnwl­
edgecl. 

SPOILAGE. REV'IORKED UNrTS, I .r::.5 
ANDSCAAP I u 



TERADATA, Ex. 1013, p. 687

654 CHAPTER 18 

EXHIBIT 18-1 
Effect of Recognizing Equivalent Units in Spoilage for Direct Materials Costs, Ch1pmakers, 
Inc .• for May 19_7 

LostS to ac1.:oun t for 

D1vitle by equiva lent uni rs 

Cosr per equivalent unir 

;\ssigned ro 

(;ood units lnin<;fe1-red out 

Good unit.'> complccc<l: 
5,000 x $27; 5,000 x $~0 

Add nonnal spoilage: 1,000 x $17 

c;ood units rransfcrred nut 

\~!i)rk in procesf>, ending: 
-tOOO x $27: 4,000 x $30 

Co!>ts accounte<l for 

Approach A: 
:Recognizing 
Spoiled Units 

• \Vhen Computing 
Output 

in Equivalent U ni ts 

$270,000 

+ 10,000 

$ 27 

$13 5 ,000 

27,000 
162 ,000 

I 08,000 
$270,000 

Approach B: 
Not Counting 
Spoiled Units 

When Computing 
Output 

in Equivalent Units 

$270,000 
+ 9,000 

$ 30 

$ 150,000 

0 

150,000 

120,000 
$270,000 

pertain Lo Ll1ose units and thaL, in fact, belong \Vith die good uni ts co111pleted and 
n·an<;fcrred out. The -t,000 units in ending work in process undoubtedly include 
50111c uni rs t h;1r \.\ill he detected il '- :.poi I eel in the suhsequenr :1ccounting period . l n 
errcct, under approach B, thc-;e units will bear two ch;1rgcs for spoi lage. The ending 
v.rork in process is being charged for spoi b gc in the current period , and it will be 
charged again when inspection occurs a-. Lhc tu1it'> ;1re con1pleted. Such cosl distor­
tion<; dn not occur v.1hen spoil e<l units arc recogni zed in the computation of equiva­
lent uniu.. Approach A hn" a further ""' anlage. Jt hi g-hlights the C:OSl or normal 
~pnibge to n1::n1~1gen1 ent and d1 crehy focu.:;es n1anage1ncnr~'> attention on reducing 
spoi lagc. Therefore, \Ve\\ ill use approach ,A. to present process costing \\rith spoilage. 

EXi\MPLE 2 1 'he Anzin Con1p:iny n1anufacn1res a "'oodcn recycling con­
n1i ner in its Processing Oeparnnent. Direct 111areria ls fo r this product are in­
troduced at die beginning oF the production cycle. At the sta rt o f production, 
~1 1 1 direct 111<\teria ls required to 111 41 ke one ouq1ul unit are l>untll ecl together in a 
c;inglc lie. Conversion co<;ts are added evenly during the cycle. Sonic units of 
thi~ product are spoiled as :i result or defects onl) detectablt: <lt inspection of 
fini ... hcd unit~. Nonnlllly, the <;poi led units are I Ot.Vii of the gooJ output. Sun1-
111ary Jat.a for lulv 19 _7 are . . . 

Phrsical LTnits for July 19_7 

\ \ ork 111 prcic:cso;; . l>cgJ11ning mvcnror: (Jul~ I) 

D1n:cl m:Hcnals ( I 00'.!{, c11111plctt:) 

( : , 111\ c r:-.1< ll1 l'OSI ~ ( (i()'Yo 1.:omplcte) 

St.1ncd cl11ring J11ly 

Cnmpk·tcd ;i nd cra n~ferred out in Jul) (gnod unit...) 

\ Vork in process, ending invc11tor) U ul) \I ) 

Direct n1a 1.cri ~11 ~ (I OO 'Y., complct.c) 

Lonn.:rs1nn co'>ts (5 (l '}o ccunplctc) 

1.500 unib 

~ . \()() un ns 

7 .oon Lm 1 ts 

2,000 units 
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Total Costs for JuJy 19_7 

vVork in process, bcgin_ning invento11· 

Direct n1atecials 

Conversion costs 

Direct materials costs added during.July 

Conversion costs added during July 

Total costs to account for 

Computing Spoiled Units 

$ L2,000 

9.000 

The number of total spoiled units is computed as foll ows: 

$ 2 1.000 

76,500 

89, J 00 

$ 186,600 

1( 1 .1 cl .. _ (Beginning Units\ ( Good units + Ending) 
ota sp oi e uni ts - units + started)- tran~fen·ed out units 

= ( 1,500 + 8,500)-(7,000 + 2,000) 

= I 0,000 -9,000 

= 1,000 units 

Normal spoilage at Anzio's Processing Department is 10% of the 7,000 units of 
good output, or 700 uni ts . Thus, 

Abnon11al spoilage = Total spoilage - Norn1al spoil;:ige 

= 1,000 - 700 

= 300 Ltnits 

We no,.y illustrate how the "veighred-average, FIFO, and standard costing methods 
of process costing discussed in Ch::ipter l 7 can incorporate both normnl and ;1bnor­
n1a1 spoilage jn their con1putatio ns. 

Follow tl1e Four-Step Approach 

The basic four-step approach Ltsed in Chapter 17 needs only slight n1odif-i cation tu 

accommodate spoilage. The foJio,.ving observations pertain Lo the '"'e ighted-average, 
FIFO, and standa rd costing rnechods: 

Step 1 Summarize the flo"v of physicaJ units of output. l denti~v huth non11a l 
and abnor1na I spoilage. 

Step 2 Con1pute output in ter1ns of equivalent units. C:on1pute cquiv~lent 
u_ni t!> for <ipo ilage in the s;11ne "vay <ls !'or good uniL!:>. Btcause An l io in ::ipect!> tl t the 
completion point1 the sm11c an1ount of ,.vork will be done on each spoiled uniL .ind 
each coi.n pletec.I good unit. 

Step 3 Compute equivalent unit costs. The detai ls of this c; tcp do no t JilTe r 
fron1 those in ChapLer 17. We ;ts'>un1e th::iL spoiled uni ls .1re induded in Lhe co1npu­
tation of ourput units. 

StLp 4 Sum111arize total costs to ::iccount for, and assign these costs to units 
completed, spoiled ut1-its, and to units in ending work in process. · rhis !'> U.:p nnw 
includes COL1lpu tation of the CO'i t or spoiled units ;i nrJ the COSl or good unit'>. 

Exhibi t" 18-2 presents Sl<::ps I and 2 ::i nd include-; cn lculati on-, or equi\ ~d e nt un i1s 
of normal and abnorn1:i l <;poil:ige. E>. hihiL I H-3 co1nputc'> the; equivalent unit cosr-; 
rur beginning work in r r·ocess and work don t.: in th t: cu rrent period ('ilt:p ~ ) . 

SPOILAGE. REWORKlD UNITS, I 5 
AND SCRAP 
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· ·. VE 3 

\ccou11 t l~lr "P' 1ih1ge in 
process co~rin~ 11 .. u1g the 
weighted-average llll. hod 

656 CHAPTER 16 

EXHIBIT 18-2 
Steps 1 and 2: Summarize Output in Physical Units and Compute Equivalent Units, Processing 
Department of the Anzio Company for July 19_7 

• 
F low of P roduction 

Good units completed and rransferred out 
during current period 

NorrnaJ spoi.lage• 
700 x I 001~; 700 x l 00'% 

Abnormal spoilage 1 

300 x ioo1~; 300 x ioo% 

~Vork in process, ending* 
1,000 x l 00%: 1,000 x 50% 

Total Accou.nte<l For 

])educe work in process, beginning§ 
L,500 x 100%; 1,500 x 60% 

Started during current period 

\;\fork done in currenr period only 

(Step 1) 
Physical 

U nits 

7,000 

700 

300 

1,000 

L0,000 

1,500 

8,500 

(Step 2) 
Equivalent Units 

Direct 
~lateriaJs 

7,000 

700 

300 

2,000 

I 0,000 

1,500 

8,500 

Conversion 
Costs 

7,000 

700 

300 

1,000 

9,000 

900 1 
-

8,100..) 

*Normal spoilage 1s 10% of good unirs rrnnsferrcd out: 10% x 7,000 = 700 urnts. Degree of complecion 
nf normal ~roilage io this ueparrment: direct m:1r:erials. I 00%; conversion costs, I 00%. 
1 \hnnrmal spoilage= Actu;tl spoilage- Normal spoilage= 1,000 - 700 = 300 units. Degree of completion 
of abnormal spoilage in th.is deparanent: direct materials, J 00%; conversion co.~rs, 100%. 
1Degree nf completion in di is deparcrnen t: direct m:ircria Is, I 00%: conversioo cos rs, 50%. 
§Degree of completion in thjs department: clirecL materials, l 00%; conversion costs, 60%. 

EXHIBIT 18-3 
Step 3: Compute Equivalent Unit Costs, Processing Department of the Anzio Company 
for July 19_7 

Equivalent unit costs of beginning work in process 

Work in process, beginning (given, p. 655) 

Divide by equivalent units of heginning 
work in process (from Exhibit J 8-2) 

Co:.t per equivalent unit of beginning work in 
process 

Equiva lent wJiL costs of work done 1n currenl period only 

Costs added in current period (given, p. 655) 

Divide by equivalent units of work dune in 
current periocl (fron1 Ex.hibir 18-2) 

Cost per equivalent unit nf work done in 
current perioJ only 

Weighted-Average .Nlethod and Spoilage 

Direct 
Materials 

$12,000 

+ 1,500 

$ 8 

$76,500 

+ 8,500 

$ 9 

Conversion 
Cos ts 

$ 9,000 

-;- 900 

$ 10 

$89, I 00 

+ 8.100 

$ 11 

Exhibit 18-4 presenls step 4 using the \veighted-average n1echod. The tot:JI costs 
colun1ns in Panel t\ of Exhibit 18-4 summarize the costs to account for. Note bow, 
for each co'\t category, the costs of beg.inning \VOrk in prnces~ and custs of v.1ork done 
in the current period ure totaled and di"ided by Lhe surn of the equivalent units in 
beginning '~ ork in process and equivalent unit:-. of \A ork <lone iJ.1 the current period to 
cdlcuh1Le Lh t: \\ e ightcJ -avcragc L'O!lt. The cos ts of ahnonna l '>poilage of $5,915 are 
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EXHIBIT 18-4 
Step 4: Summarize Tota l Costs to Account for, and Assign These Costs to Units Completed, 
Units Spoi led and Units in Ending Work in Process Using the Weighted-Average Method, 
Processing Department of Anzio Company tor July 19_7 

- -- - --.- -- - - --

Direct Materials Conversion Costs 

PANELA: 
TOTAL COSTS T O ACCOUNT FOR 

Work in process, beginning 
(from Exhibit 18-3) 

Work done in Cl.'.rren t period only 
(from Exhibit 18-3) 

To account for 

PANELB: 
ASSIGNMENT OF COST S 

Good units completed and 
transferred (out 7,000 units) 

C osts before adding norn1al 
spoilage 

I\Tormal spoilage 
(A) ~ ~ts of good uni ts 

tran_sfe1Tcd OlJ t 

(B) Abnurrnal spoilage 

(C) \Vork in process, ending 

(A)+ (J3) + (C) Accou_n tc<l for 

Equiv. 
Units 

(1) 

L,500 

8,500 

10,000 

1,000 1 

700 1 

3001 

2,0001 

I 0,000 

Cost per 
Equiv. 
Unit 
(2) 

$8.00 

$9.00 

$8.85* 

$8.85 

$8.85 

$8.85 

$8.85 

Tota.I 
Costs 
(3) = 

(1) x (2) 

$12,000 

76,500 

$88,500 

$61,950 

6, J 95 

68, I -+5 

2,655 

17,700 

$88,500 

Equiv. 
Units 

(4) 

900 

8, 100 

9,000 

7,ooo* 

700 1
' 

300 1
' 

l ,OOOJ 

9,000 

Cost per 
Equiv. 
Unit 

(5) 

$ 10.00 

$11.00 

$10.90t 

$ 10.90 

$ 10.90 

$ 10.90 

$ 10.90 

Total 
Costs 
(6) = 

(4) x (5) 

$ 9,000 

89,100 

$98,100 

$76,300 

7,630 

H3,930 

3,270 

I J, 'JOO 

$98,100 

*Weighted-average cost per equivalent unir of diri.:cc matcn;1 ls = 1oLnl cn~L~ 11f dire<:l m;1ti.:rials J1v1dc:d hy Lotal equivalent untt~ 
= $88,500 + l 0,000 = $8.85. 
1Weighted-average COSL perequjvaJent Ullil or conVC l''ilOn COS l S =~lf m1J l'Oll\'cr5iflll CO~l., r1 1v11Jccl !Jy tnt:1J equ i\•1Jcn1 1 111 i t~ 
= $98, I 00 + 9,000 = $10.90. 
t From F.xh i hit 18-1. 

Total 
P rod. 
Costs 

(7) = 
(3) + (6) 

$ 11,000 

165,600 

$186,600 

$ 138,250 

13,825 

152,07? 

5, 92 i; 

28,600 

$18(1,600 

SPOii AriF RFWORKED UNITS. 57 
AND SCRAP 
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OBJECTIVE 4 

A.ccount for spoiliige in 
process costing using the 
first- in, first-out nJethotl 

.OBJECTIVE 5 

A.cc:oun t for spoilage in 
prol:ess costing using the 
~randarJ costs n1echod 

65 CHAPTER 18 

assigned [ O the Loss from r'\.bnormal Spoilage accoun t. 1,he costs of normal spoilage, 
$13 ,82 5, are a<lded to the costs of their related goo<l uni ts. l-lence, the cost per good 
uni t completed and transferred out equal the tota l costs transferred out (including 
che custs o f aonua l :;µoi lage) di.vided by the nun1ber of good unirs produced, 
$152,07 5 + 7 ,000 = $2 1. 72 5. I t is nor equal to $19 .7 5, the su111 of the costs per equj\ ­
alent unit o f direct ma terials, $8.85 and conversion costs, $10.90. \Vhy? Because the 
cost per good unit is equa l to the tot.al cost of an equivalent uni t, $19.75 plus a share 
of the no.nnal spoilage, $1. 97 5 ($13 ,82 5 + 7 ,000), or $2 l. 72 5. 

Th.is illustra tion assu1ne inspection upon completion. In contrast, inspection 
may take place at ome other stage- say, at the halfway point in the production 
cycle. In such a case, normal poilage costs wouJd be added to con1pJeted goods and 
to the units in process that ar e :u least 50% completed. 

Having eaJ·ly and frequent inspections in production processes reduces the 
amount of material and conversion costs wasted OD w1i ts that are already spoiled. 
Thus, in the Exhibit 18--t exan1ple, suppose .inspection can occur when wlits are 
80% complete as to conversion costs and I 00% complete as to rurect n1aterials, and 
spoilage occurs before thjs point. Then the cornpany would avoid incutTing the final 
20% of conversion costs OD the spoiled units. 

}']_} '0 Method and Spoilage 

Exlubit 18-5 presents step 4 using the FIFO n1ethod. T he total costs columns in 
Panel A of Exhibit 18-5 Sun1mari ze the costs to account for. Note how the FIFO 
n1ethod keeps die costs of the beginning \VOrk-in-process invento1y separate and djs­
rinct from the costs of work done in the curren t period when assigning costs. Al l 
spo ilage costs are assun1ed to be related to units completed during this period, using 
the unit costs of the cur rent per i.oc.l.1 \ Vi th the exception of C:lccounting fo:r spoilage, 
the FIFO n1eth oc.I is the S<l tne as presen ted in C hapter 17. 

Journal Entries 

T he infonnation in Exllib its 18-4 and 18-5 supports the follo\.viHg journal entries: 

1. Finished Goods 

Work in Process-Processing 

To transfer good units completed 
in Ju ly. 

2. Loss from Abnorma l Spoilage 

Work in Process-Processing 

To recognize abnormal spoilage 
detected in July. 

Standard Costs and Spoilage 

Weighted Average 

152,075 

152,075 

5,925 

5,925 

FIFO 

151 ,600 

151,600 

6,000 

6,000 

This sectio11 nsstnnes y on hm 1e .1tndied Chapters 7 and 8 rnuf the stn11dard costs 111ethotf in 
G'hflpter 17 (pp. 62 5- 629). Otheru;ise, 0111it this section. 

Standard costi ng 1n ethods can :.ilso be used to account for no.r111 al and abnoru1a1 
spojJage. \iVe illustrate ho\\" n1uch sin1pler the ca lculations becon1 e by continuing our 
Anzio Cornpany exa n1p le. 

~ ] f rhe F fFO method we.re useJ in its purest form, normal spoihigc costs would he split between 
rhe goods ::.tarted and ton1pkte<l duri.ng the current pt!ri od and tho e complet1.:d From begi nnmg 
work in proct:ss-uc;ing the <lppropriate unit c.:o;,ts of the perioJ in \\ hic:h Lhe units " ere worked 
on. T ht: simpler, moJified FTFO merhod, a) illu~trated in E~hihit I 8-5, in effect u<ie<; the unit 
costS of Lhc current pt;:riuJ fo r a:.~ 1g 11j 11g nor111:il '>poilage cost!. LO lhe good'> cornpletccl from be­
ginning \.\Ork in proc.:c~~. 'Thi~ modified FfFl) method asc;umes tlwc all nonna l spoilJg-e traceable 
to dlC:: becrin nin !f \\ ork in 11roccs~ w ;l " sra.nc<l ~u1d com11leted durin g the currenr period. an oln"ious 

t" - ~ 
cun Lratl icdon to 1..he pure Fl!'() me 1 hod. 
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EXHIBIT 18-5 
Step 4: Summarize Total Costs to Account for, and Assign These Costs to Units Completed, Units Spoiled and Units in Ending 
Work in Process Using the FIFO Method, Processing Department of Anzio Company for July 19_7 

PANELA: 
TOTAL COSTS TO ACCOUNT FOR 

Work in process, beginning 
(from Exhibit 18-3) 

Work done in current period only 
(from Exhibit 18-3) 

To account for 

PANELB: 
ASSIGNMENT OF COSTS 

(A) 

Good units completed 
and transferred out 
(i ,obo physical units) 

Work in process, 
beginning(l ,500 
physical units) 

Work done in current 
period to co.mplete 
beginning work in 
rrocesc; 

Total from beginning 
inventory before 
nomlal spoi lage 

Started and completed 
before aonnal 
spoilage (5 ,500 
LLni ts) 

Normal spoilage 
(700 units) 

Total costs of good 
units transferred 
OUl 

(B) Abnorma l spoilage 
(300 units) 

(C) Wo rk in process, ending 
(2,000 uni rs) 

(A)+ (B) + (C) Accoun teJ fo r 

Equiv. 
Units 

(1) 

1,500 

8,500 

L0,000 

1,500 

0* 

1,500 

5,500* 

300§ 

2,000§ 

] 0,000 

Direct Materials 

Cost per TotaJ 
Equiv. Costs 
Unit (3) = 

(2) (1) x (2) 

$8.00 $12,000 

$9.00 76,500 

$88,500 

$8.00 $12,000 

$9.00 0 

12,000 

$9.00 49,500 

$9.00 6,300 

67 ,800 

$9.00 1,700 

$9.00 l 8,000 

$88.500 

Total 
Prod. 

Conversion Costs Costs 

Cost per Total 
E quiv. Equiv. Costs 
Units Unit (6) = (7) = 

(4) (5) (4) x (5) (3) + (6) 

900 $10.00 $ 9,000 $ 21,000 

8,100 $11.00 89,100 165,600 

9,000 $98,100 $186,600 

900 $ 10.00 $ 9,000 $ 21 ,000 

6001 $1 1.00 6,600 6,600 

1,500 15,600 27,600 

5,5001' $ I L.00 60,500 110,000 

700§ $ 11.00 7.700 1+,000 

83,800 151,600 

300§ $ 11.00 3JOO 6,000 

1 ,000~ $ 11.00 11,000 29.000 

9 ,000 $98, I 00 $186,600 

"'Beginning work in process ts 100% complete as to direct materials so zero equivalent units of <l1rect macenals ncl·d tu he added ro complete 
bcginn i11g work 1n process. 
ti3eg1nning work m process is 60'~ com pie le, which .:qua ls <JOO c~1u ivalent units of conver;ion costs. Tt) complett: rhc l, 'iCJ{J ph)·~1cal w1its of 
beginning work in proc~s. 600 (1,500 - 900) cquivalcnr u 11Jts of conversion costs need co he added. 
t7,000 total eqt1ivalent units completed and rrnn~ rerred out (Exhibit 18-2) minu~ I, 'iO() equivalent units compkt land tr:in.,ferrct.l 11111 from 
beginning 111venwry equal lO 5,500 equivalent uniL~. 
§from Exhjbit 18-2. 

SPOILAGE. REWORKED UNITS. I 59 
AND SCRAP 
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Snppose the Anzio Coo1pany <levelops standard costs for the Processing De­
paronent. '\ssume the san1e standard costs apply to the beginning inventory and to 
,,·ork done inJuly 19_7. 

Standard Costs for Processing Department for July 19_7 

Direct materials 

Conversion cosrs • 
Tomi production cost5 

$ 8.50 per unit 

10.50 per unit 

$19.00 per unit 

Steps 1 and 2 for standard costing are the same as for the weighted-average and 
FIFO methods described in Exhibit 18-2. Step 3, the cost per equivalent unit is sim­
ply the standard cost: <lirect rr1aterials $8.50, and conversion coses, $10.50. Standard 
costing makes calculating equivalent unit costs unnecessary and so sin1plifies process 
costing. Exhibit 18-6 presents step 4. The costs to account for in Panel A of Exhibit 
18-6 are at standard costs and hence differ from the costs to account for under the 
weighreJ-average and FIFO 1nethods, which are at a£1ual costs. Step 4 uses standard 
coo;ts to assign costs to units con1pleted, to normal and abnorn1al spoilage, and to 
ending \\'Ork-in-process jnventory. Variances can be nieasured and analyzed in the 
manner <lescribe<l in Chapters 7 and 8. 

Assumptions for Allocating Normal Spoilage 

Spoilage ITtight actually occur at various points or stages of the production cycle, but 
spoilage is typically not detected until one or rnore specific points of inspection. The 
cost of spoile<l units is assurned to be all cost<; incurred by spoiled units prior to in­
spection. V\ 11en spoile<l goo<ls have a Jjsposal ya.Jue, the net cost of spoilage is com­
puted by deducting djsposal value fron1 the costs of the spoiled goods accwnul.ated to 
the point of inspection. The unit costs of ahnorrnaJ and norn1aJ spoilage are the san1e 
\vhcn the t\vo are detected sirnultancou<;ly. 1-Iowever, situations rnight arise when ab­
normal spoilage is detected ell a different pojnt than no.m1al spoilage. In such cases, 
the unit cost of ahnonnal spoi lage would differ frorn the unit cost of 1101-mal spoilage. 

Costs of abnormal spoilage are separately :.iccoUJ1ted for as losses for the E_eriod. 
Reca ll , ho"vever, that norn1al spoilage coc;ts are added to costs of good units. Account­
ing for norn1al spoilage, therefore, raises an additional issue: Should no1111al spoilage 
<.:uses be allocate<l between con1pleted units and ending work-in-process inventory? 
Ont.: appruach i'i to pre~u111 c.:: U1;.iL non Ila I ~poilage occur~ al Ll 1e i.11spect.io11 puinL.i.u Lhe 
production cyde and to allocate its cost over all LLnits that have passed thar point. In 
the An7io Con1pany exa1nple, -;poilage is assumed to occur 'vhen finished units are in­
spected, so no cost of nonnal spoi lage is allocated to ending work in process. 

J,Vbether tbt· cost oj.J1017111tl spoi/11g1' is nlloctrtecl to the 1111its iu e11ding work-in-p1-ocess in-
1;entory. in ndt!itio11 to cmupleted 11uit•, depends strict{y on ·whether they have passed the point of 
i11.11Jection. For exarnple, if the inspection point is presu 111e<l to be the halfway stage of 
the production cycle, ·work in process thaL is n1ore Lhan 50% con1plcted \vould be allo­
c:.ited :.i full 1neasure of nor-n1<1l spoilage costs, calcuL1ted l>n the basis of all costs in­
curred prior to the point of inspection. But work in process that is under 50% con1-
plc.:Led would not be allocated ~1ny norn1aI spoih1ge costs. The appenJix ro this chapter 
contc1in;;; additional discussion concerning various asswnption:. about spoi lage. 

~ l)ll \(;I- RfW()RK. ANr) SCflAP IN IC)!) Cl)CTll\JG SYSTEt\Ac 
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'The concepts of norn1Jl Jn<l abnonnal :.poilage also apply to job-costing systen1s. 
Abnon11;.1I spoilage j., usually regarded as controllable by cl1e n1anager. It is separately 
identifieJ with the goal of cli1ninating it altogetJ1er. Cost~ of ab11orn1al spoilage are 
not con<;idered as product rnanuf::i<.:turing c:osts and arc V\ ritten off as costs of the pe­
riod in " ·hich detccrion occurs. Norn1al or phtru1e<l spoih1ge in job-costing systems, 
ho,\ ever, ;.1re <.:onsiderc<l part of non11al n1anufocturing cost!>, although increa<;i.ngly, 
n1a11Jgcn1cnts are tolcrat..ing only s1nall an1ounrs of <>poilage as normal. The: cost~ are 
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EXHIBIT 18-6 
Step 4: Summarize Total Costs to Account for and Assign These Costs to Units Completed, 
Units Spoiled and Units in Ending Work in Process Using Standard Costs, Processing 
Department oi Anzio Company for July 19_7 

Direct Materials Conversion Costs 

Total 
Prod. 
Costs 

PANELA: 

Equiv. 
Units 

(Exh. 8-2) 
(1) 

TOTAL COSTS TO ACCOUNT FOR 

Work in process, beginning 1,500 

W ork done in current period 
only 8,500 

To account for J.0,000 

PANELB: 
ASSIGNMENT OF COSTS 

Good uni rs 
completed :lnd 
transferreJ out 
(7 ,000 uni rs) 

Costs before 
adding norma l 
spoilage 7,000 

Normal spoilage 700 

(A) Tota l costs of 
good unic. 
cransferred 
out 

(B) Abnonna l spoilage 300 

{C) \Vork in proccs~, 
ending 2,000 

(1\) + (B) + {C) Accounted for I 0,000 

Cost per 
Equiv. 
Unit 
(2) 

$8.50 

$8.50 

$8.50 

$8.50 

$8 50 

$8.50 

$8.)0 

Total 
Costs 
(3) = 

(1) x (2) 

$ l2,750 

72,250 

$85,000 

$59,500 

5,950 

65,450 

2550 

I 7 ,000 

$8 5,000 

Equiv. 
Units 

(Exh. 18-2) 
(4) 

900 

8,100 

9,000 

7,000 

700 

300 

1,000 

9,000 

Cost per 
Equiv. 
Unit 
(5) 

$10.50 

$10.50 

$ 10.50 

$ 10.50 

$10.50 

$10.50 

$ 10.50 

Total 
Costs 
(6) = 

(4) x (5) 

$ 9,450 

85,050 

$94,500 

$73,500 

7,350 

80,850 

3, 150 

10,500 

$94,500 

(7) = 
(3) + (6) 

$ 22 ,200 

157,300 

$179,500 

$133,000 

l 3,300 

146,300 

5,700 

17,500 

$ 179.500 

SPOILAGE. REWORKED UNI rs.1 661 
AND SCRAP 
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' OBJECTIVE 6 

Account for spoilage in JOb 
cosong 

662 I CHAPTER 18 

dien assit,med to indi,,i<lually distinct jobs, a step unnecessary in process costing since 
rnasses of .,1n1ilar units are nianufactured. \i\11en assigning costs, job-costing systems 
generally d1songuish normal spoi lage atuibutablc to a specific job fron1 normal 
spuihige cu1nmon to aJJ jobs. 

\\'e also use the job-costing context to ill ustrate the accounting for rework and 
sl:rap. For re" ork. " 'e again distinguish (1) abnornu1I rework, (:?) norrna.I rework at­
trihut;1hle to a specific joh, and (3), normal re,.\·ork common to all job . Scrap ac­
counting follows rhe accounting for a by-product described in C hapter 15. No dis­
t1nctio!Th are made benveen nonnal and abnorn1al crap, but crap attributable to a 
specific job is distinguished from scrap common to all jobs. 

\\Te illustra te die accounting for spoilage in joh costing using the fo lJo\\ring e.-xample. 

EXAMPLE 3 In die l-Iull J\l{ochine Shop, 5 aircraft parts out of a job lot of 50 
aircraft parts are spoiled. Costs assigned up to the point of inspection are $100 
per unit. Hull calculates diese costs on the basis of itc; inventory costing as­
surnptions-,veightecl a,·erage, FIFO, or tune.lard costs. \Ve do not, ho,vever, 
en1phasize cost-flo"v a sun1ption · in our presentation here or in subsequent 
sections. The current di posal price of the spoile<l parts is estimared ro be $30 
per part. \,''hen die c;poilage is detected, the c;poiled goods are inventoried ar 
$30 perunit. 

or 1' ': 1 g .rr .1 t \. , J 'i \;~· 1 · ll \\'hen normal spoilage occurs 
because of the pecificacion~ of <l specific job, diat job bears the cost of the spoilage 
reduced by the current disposal value of that spoilage. The journal entry to recog­
nize the <lisposal value of the ~a l vage (iten1c; in parentheses indicate subsidjarr post­
ings) is as follo,,·s: 

Materials Control (spoiled goods at current disposal value): 5 x $30 

Work-in-Process Control (specific job). 5 x $30 

150 

150 

'"r'he effect of this accouncing is diat the net cost of t:he nonnal spoilage, $350 ($500-
$150) becon1es a Jirect cost of die 45 (50-5) good units produced. 

1 n • . i' "ri ,·1 .. •.: < 01 , 1 •• • ,' In so1ne ca~e~, spoilage n1ay be consid-
ered a normal characteristic of a giYen production cycle. The spoilage inherent i.11 
the proces~ onl) coincirlt!ntally occur~\\ hen a ~pecifir job i~ bei11g 'vorked on. The 
spoilage Lhen b not attributable. ilnd hence is not charged. to the specific job. ln­
stead, it i~ costed as 1nanufacruring O\'erhea<l. The budgere<l manufocruring over­
heaJ ,dlocation rate includes a pro.,,i sion for nonnal spoilage cost. Therefore, normal 
spoilage cost is spread, through overhead allucation, uver all jobs rather than loaded 
on particular job'> only. ' 

Materials Control (spoiled goods at current disposal value): 5 x $30 

Manufacturing Department Overhead Control (normal spoilage): 5 x. $70 

Work-in-Process Control (spec1f1c 1ob)· 5 x SlOO 

150 

350 

500 

ri ~l· If the spoilage is .1bnorn1,1 l, the net los.:; i'> highlighted to nu1n-

ag-cn1cnl hy charging the los:, to an abnormal los.., ;1ccount: 

Materials Control (spoiled goods al current disposal value): 5 x $30 

Loss from Abnormal Spoilage. 5 "< S70 

Work-in-Process Control (specific 1ob): 5 SlOO 

150 

350 

500 

1:--..rore t11Jt co-,t., 11/rrt1clv .t1'~1{11t:d ro p,.od11t11 :trt' hein!! chargt·d h;1LJ, tn \fonufocn1nn~ Dcparu11en t 
l), erhe~1d Control.'' hich ~encr:ill~ :1CLUl1llll.itc'> onl~ dJ.fT." 111' t117·t'.!. n11L both <:<>'-~ incurred and 
01-.t.., ,,.,.,il!.nc::d. 
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RE\VORKED UN ITS 
Reworked units are unacceptable units of production tbat are subsequently re­
'vorked into good units and sold. 

Consider the Hull 1\iacbine Shop daca (Example 3). _.\ssume that the :five 
spoiled parts used in our Hull Machi.11e Shop illustration are rev.·orked. The journal 
enrrv for the $500 of total costs (details of costs assumed) assigned to the five spoiled 
uni~ before considering re,vork co ts are as follows: 

Work-in-Process Control 

Materials Control 

Wages Payable 

Manufacturing Overhead Allocated 

500 

200 

200 

100 

_i\ssume that rework costs egual $190 (direct materials , $40; direct labor, $100; man­
ufacturing overhead, $50). 

Normal Re~·ork ~i\ttrihut.able to a Specific Job If the rev.·ork i normal but oc­
curs because of the requirements of a specific job, tbe rev;rork costs are charged to 
that job. The iournal entry is as follo\VS: 

Work-in-Process Control (specific job) 

Materials Control 

Wages Payable 

Manufacturing Overhead Allocated 

190 

40 

100 

50 

Normal Re,,·ork Common to All Jobs \\lb.en rev.rorkis normal and not attribut­
able to any specific job, the costs of re,vork are charged to manufacturing oYerbead 
and spread. through overhead allocation, over all jobs. 

Manufacturing Department Overhead Control (rework) 

Materials Control 

Wages Payable 

Manufacturing Overhead Allocated 

190 

40 
100 

SD 

_.\bnonnal Re,rork If the r ev.rork is abnormal, it i highlighted to management by 
charging abnormal rev:ork to a separate loss account. 

Loss from Abnormal Rework 

Materials Control 

Wages Pavable 

Manufactu ring Overhead Allocated 

190 

40 

100 

50 

Accounting for re\\·ork in process costing onlr requires abnormal re\\·ork to be 
d isringui bed from normal re\vork. :\.bnom1al re,Yo rk is accounted for as in job cost­
ing. Since masses of similar units are manufactured. accounting for normal re" ·o rk 
fo llo" ·s the accounting descri bed fo r normal re\\'Ork common to all jobs. 

Costing re\\·ork hjghligh rs the resources '"asted on acri,ities that would not ha\·e 
to be undertaken if the product" ere made correctl) . I r prompts n1anagen1ent to seek 
,,·ays to reduce re,,·ork, fo r exam ple, by designing nevi· products o r processes, training 
" ·orkers, or inYesting in ne\\· machi_nes. Calculating re"·ork costs help!) rnanagement 
perfom1 cost-benefit analyses for \"a ri ous alternatives. To emphasize the importance of 
eliminating re\\'Ork and to sirnpli~· the accounting, some companies expense all re­
'''Or~ including the costs of normal rework. as an expen'>e of the current p eriod. 

OBJECTIVE 7 . 

_.\ccounT for reworked units 

OBJECTIVE 8 

Account for scrap 

ACCC Lii\ Tl NG FOR ~c· 
Scrap \\·as defin ed in Chapter 15 in conjunction ,,.; th the d iscussion of byproJucts. 
$.gap is a product Lh a t h ::ic; miniml11 (frequently 7er n) c;a les \·a lue compare d \\rith the 
sales value of the rnain or joint procluct(s). 
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There arc n' o 1najor aspects of accounting for scrap: 

1. Planning ;1nd control, including physical tracking. 

2 ln\en tory cost.ing, inclucling,vhen and ho"'· to affect operating income. 

Ini tia l cntrit:s ro scrap records ::ire n1nst often in physical or non.financial tenns 
... uch as in poun<ls or units. In va rious in<lustries. iten1s su ch as stan1ped-out metal 

• 

Rejection in the Electronics Industry 
From country to country and from industry to industry, the rates of rejected and reworked 
units vary tremendously. The data in the following table focus on different segments of the 
U.S. electronics industry. The data reported are median numbers drawn from companies 
that are members of the American Electronics Association. The reject rate is the rejects 
as a percentage of items checked by quality control. The rework rate is reworked items as 
a percentage of reiects and returns. The scrap rate reports scrap as a percentage of all 
materials and products purchased. Also reported is the operating income to net sales fig­
ure for each segment of the electronics industry. 

Segment of Electronics 
Industry 

1. Computers and ofhce 
equipment (mcludes 
ma infra mes, mintcom puters. 
microcomputers, printers. 
and point-of-sale equipment) 

2. Electronic components and 
accessories {includes 
printed circuit boards and 
semiconductors) 

3. Specialized production 
equipment (mcludes 
semiconductor production 
equipment) 

4. Telecommunications equip­
ment (inc ludes telephone, 
radio, ard TV apparatus) 

5. Aerospace, nautical, and 
military equipment (tncludes 
aircraft manufacture and 
guided missiles) 

6. Laboratory and measurement 
devices (includes optical 
instruments and process 
control equipment) 

7. Prepackaged software 
8. Computer-related services 

(includes data processing 
and computer systems 
design) 

Reject Rate 
(% rejects) 

2.55% 

1.55 

7 50 

1.00 

4.90 

, .00 

5.00 

Rework Rate 
(%rework) 

6.50% 

2.00 

10.00 

2.00 

1 50 

3.30 

0.80 
N/A 

Scrap Rate 
(%scrap) 

0.62% 

1.63 

0.43 

1.29 

0.52 

0.66 

0.06 
N/A 

Operating Income to 
Net Sales 

5.33% 

4.53 

5.67 

4.73 

6.52 

3.89 

4.02 
7.78 

The reject rate for specialized production equipment is five times as great as that for elec­
tronic components and semiconductors. Electronic components and semiconductors 
show a low percentaye of 1 ewoi k (in part because rework is not always possible when 
defects arise). Scrap rates are reasonab ly small across all industry segments. The operat-
1119 mcome to net sales ratio ranges from 3.89% for laboratory and measurement devices 
to 6.52o/o for aerospace, nautical. and military equipment. Given these profitability percent­
ages, reductions 1n reiect and rework rates can markedly increase the profitability of 
many companies in the electronics industry. 

Source. Adapted from American Electronics Association, Operating Ratios Survey. Full Cttauon IS tn Appendix A. 
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sheets are quantified by weighing, counting, or some other expe<lient n1eans. Scrap 
records noL only help 111casme efficiency, but also often focus on a rernpting source 
for theft. Scrap reports are prepared as source <locun1ents for periodic sun11naries of 
the amount of acn1al scrap compared ";th budgeted nor111s or standards. Scrap is ei­
ther sold or disposed of quickly, or storeJ in som e routine"' ay for later sa le, disposaJ, 
or reu e. 

The tracking of crap often extends into the financial records. For exa1n ple, in 
one survey, 60% of the companies maintained a distinct cost for scrap .;;orne\\ here 
in their cost accounting syste1n.-+ The issues here are si111ilar to thoc;e discussed 
in Chapter 15 regarding the accounting for byproducts: 

1. When shou lc.l any value of scrap be recognized in the accounting records: at the 
time of production of scrap or at the tin1e of sale of scrap? 

2. Ho~r should revenue fron1 scr:.ip be accounted for? 

To illustrate, vve extend our Hull lVTachine Shop example by assu111ing th<H the 1nan­
ufacture of aircraft parts generates scrap. We further asslune that the normal scrap 
from a job lot h:JS a total sa Jes value of $45. 

Recognizing Scrap at the Time of Sale of Scrap 
Scrap _.\ttr. )Uta':>lc. .. ) <:i ""oectlic Job Job-costing srstetn<; <;,Qn1eti1nes trace the 
sa les of crap to the jobs that yielded the scrap. This metho<l 1-, u-,cd only \vhen the 
tracing can be done in an economically feasible -.vay. For e-xnrnple, the I-full i.\Iachine 
Shop and particular customers, such as the U.S. DeparLn1ent of Ocfen~e. ma) reach 
an agree1nent that pro\'ides for charging specific jobs "ith all re"ork or spoilage 
costs and for crediting these jobs \vith all scrap sales that arise fro rn thern. The jour­
nal entry is 

Scrap returned to storeroom: 

Sale of scrap: 

No journal entry. 
[Memo of quantity received and related 

job is entered in the inventory record.) 

Cash or Accounts Re ceivable 

Work in Process Control 

Posting made to specific job record. 

45 
45 

·u nlike spoilage and rework, there is no cost attac:he<l L<> the 'icrap, and hence 
no normal or abnorn1al scrap. All scrap sales, \vhate\·cr rhe ainount, arc credited to 
the specific job. Scn1p sales reduce the n1aterialc.;' co'>ts of rbc job. 

Sc .. ~° Con11non to All lobs The journal entry in Lhis cast: 1-.; 

Scrap returned to storeroom: No 1ournal entry. 
[Memo of quantity received and related 

1ob is entered in the inventory record.] 

\\Then -.crap i'> ~old , the '>in1plcst accounting i" to rcg;1rd st.T~lp sales ~is a '>epa­
raLe line item of othl.!r revenues. The journal entry is 

Sale of scrap: Cash or Accounts l:!eceivable 

Sales of Scrap 

45 

45 

H o\vcvcr, 1nany co1npanics account for the r.;a le'i a" olT.,c1 ... :1gainst 111anul;1c1 uring 
overhead. -rhe journa l entr; io., 

Sa le of sc rap: Cash or Accounts Receivable 
Manufacturing Department Overhead Conrrol 

Posting made to subsidiary 
record-" Sales of Scrap" column 
on department cos! record. 

45 

~Pntc \,\,11Lrhouc,c, .)1111:1:i• 11f'l/Jr C11J/ \lr11ut,r!,t'1Jll'J1/ P111,-rfrcr11/ .'-.'"/nt<'tl 1\lit!.1•1·•t \/111111/;1,/urers 
(Cle\ eland l'ntc \\alt.: hnu'ic, l 1>H1J) p I 0. 

45 

SPOILAGF.. RFWORKFO lJNlTS, 
6 5 AMO SCRAP 
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66 

Managing Waste and Environmental Costs 
at the DuPont Corporation 

I CHA Pl l:H 18 

The DuPont Corporation manufactures a,wide range of chemicals and chemical products. 
DuPont classifies the spoilage and scrap it generates as waste. Besides the cost of lost ma­
terials, chemica l waste is a particu lar problem because of its impact on the environment. 

Strict environmental laws require that chemica l waste be disposed of in an 
environmentally safe way, further adding to the cost of generating waste. 

DuPont ca lculates the full cost of waste to include (1) the costs of mate­
rials lost in the chemical process minus their scrap value; (2) the full costs 
of semifinished and finished products spoiledj3) the full cost of disposing 
of or treating the waste, such as site charges for hazardous waste, or 
costs of scrubbers and biotreatment plants to t reatthe waste; and (4) the 
cost of any solvents used to clean plant and equipment as a result of gen­
erating waste. 

DuPont be lieves that calculating the total costs of waste helps busi­
nesses understand the operational and environmental costs of waste. This 
motivates individual plants to take actions such as redesigning products, 
reconfiguring processes, or investing in cap ital equipment to reduce these 
costs. 

DuPont's acrylonitrile process at Beaumont, Texa s, is a good example of 
how DuPont reduces waste costs. This plant generated more than 110 mil-
lion pounds of ammonium sulfate waste, which was disposed of by inject­

ing the waste in deep wells. While DuPont considered the disposal of the waste environ­
mentally safe, the U.S. Environmental Protection Agency included ammonium sulfate in its 
figures of the toxic releases generated by DuPont. To improve its environmental perfor­
mance and to reduce its waste costs, a team of Du Pont engineers began modifying the re­
actor operating conditions for producing acrylonitri le. By chang ing the process, the team 
improved the yields of acrylon itri le and reduced ammonium sulfate waste by 70 mil lion 
pounds. By altering its acrylonitrile process, DuPont saved a million dollars a year in lower 
waste and waste disposal costs. 

Source: Adapted from 1990 Environmental Respect Awards, DuPont Corporation and based on discussions with 
Dale Martin, Manager, Environmental Effectiveness. 

rfhis rnethod Joes not link SCrap \Vi th ;1ny particular phy ical product. 1 nstead, 
all pro<luct., hear regu lar production custs without any credit for scrap sa le except in 
;:in indirect ni.::inner: rfhe sa les of scr:1p are consiJered vvhen setting budgeted n1anu­
facturing overheac.l rate::.. Thus, the budgeted overhead rate is lo,ver than it would be 
if no credit for scrap -,a les were allovved in the oved1e:ld budget. 'This accounting fo r 
scrap i::. ust::d in both process-co ting anc.l job-costing sy~ te 1m. 

l~ecognizing Scrap at the Time of Production of Scrap 

( )ur preceding illustrations :.issu rne that scrap rcnrrned to the sroreroorn is so ld or 
di:-.po~l.'.d oF quickl y and h ence not assigned an in,·cnlory cost figure. Scrap, ho.,,,·ever, 
so1ncun1cs hns a signifi cant n1arket value, and the time bet,vcen storing it and selling 
or reusing it can be quite long. Under these conditions, the cornpany is ju tified in 
1n\ en tor) ing scrap at a con!>ervative cstin1ate of net rea li zable value so that produc­
tion co..,t!:> and related scr::ip recovery m1:r~1 he recognized in the san1e accounting pe­
riod. So111e co1np::inies tenc.I to delay sa les of scrap unti l the 111arket price is rno ' tat­
tractive. \'nlatile price flucru::itions arc typical for scrap metal. If .crap inYentory 
beco1ne-, '>itrnificm1t, it should be inventon ed at so1ne "rea onahlc ,·::ilue"-a d1fficult 

0 

L<1..,k in chc face of voLnile n1arket prices. 
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Scrap Attributable to a Specific Job The journal en tr y in the I-lull 1\1achine 
Shop example is 

Scrap returned to storeroom: Materials Control 45 

Work in Process Control 45 

Scrap Common to All Jobs The journal entry in this case is 

Scrap returned to storeroom: Materials Control 45 

Manufacturing Department Overhead 
Control 45 

Observe that M aterials C ontrol account is debited in place of Cash or Accounts Re­
ceivable. 

VVhen this scrap is sold, the journal entry is 

Sale of scrap: Cash or Accounts Receivable 

Materials Control 

45 

45 

Scrap is sometimes reused as direct m aterials r ather than sold as scrap. T h en it 
should be debited to M aterials Control as a class of clirect materials and carried at its 
estimated net realizable value. For example, the entries when the scrap generated is 
common to all jobs are 

Scrap returned to storeroom: 

Reuse of scrap: 

Materials Control 

Manufacturing Department 
Overhead Control 

Work in Process Control 

Materials Control 

45 

45 

45 

45 

T he accounting for scrap under process costing fo llows the accoUD ting for jobs 
when scrap is con1illon to alJ jobs since process costing is used to cost the mass man­
ufacture of similar units. The high cost of scrap focuses management 's attention o n 
\vays to reduce scrap and to use it 1nore profitably. For example, General Motors has 
redesigned its plastic injection molding processes to reduce the scrap plastic th.at 
must be broken a\'vay from its 1nolded products. General M otors also r egrinds and 
reuses the plastic scrap as direct materials, saving substantial input costs. 

PROBLEM FOR SELF-STUDY 

PROBLEM 
Burlington Textiles h11s soute spoiled goods that hnd nu assigner/ co.rt of $4,000 and zero net disposal value. 

REQUIRED 
Prepare a journal entry for each of the fo llowing conclitions under both (a) 
process costing (Department A) and (b) job costing: 
1. Abnormal spoilage of $4,000. 
2. N Grmal spoilage of $4,000 related to general plant operations. 
3. Normal spoilage of $4,000 related to specifications of a particular job. 

SOLUTION 

(a} Process Costing (b) Job Costing 

1. Loss from Abnorma l Spoilage 4,000 Loss from Abnormal Spoilage 4,000 
Work in P[O.C._?SS-Dept. A 4,000 Workj n_frocess Control (job) 

2. No entry until units are Manufacturing Dept. Overhead 
transferred. Then the normal Control 4,000 
spoilage costs are transferred Work in Process Control (job) 
along with the other costs: 
Work in Process- Dept. B 4,000 

Work in Process- Dept. A 4,000 

3. Not applicable No entry. Sp oilage cost remains 
in Work in Process Control (job) 

4,000 

4,000 
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SU tv\tvlA RY 
The follo"ring points are linked to the chapter's learning objectives. 

1. Spojlage is unacceptable unirs of production that are c.liscarued or are sold for 
net dispo..,al proceeds. Re"vorked uruts are unacceptable unjts that are subse­
quently re\\'Orked and sold as acceptable finished goods. Scrap is a product thaL 
ha., n111111nal sa les value cornpared ~vith the sales \7alue of the main or joint proJ­
uct(s). 

2. Norrnal spoilage is spoilage that arises under efficient operating conditions. 
Abnonna l spoilage is spoi lage that is not expected to arise u11tler efficien t operat­
ing conditions. Many accounting systcrn') explici tl y recognize both fonns of 
~poilage ''hen computing output units. Nonnal spoilage js typically included in 
the co<.;t of good output units, \.Vhile abnor111a l spoilage is recorded as a loss for the 
period. 

3. Under d1.e \veighted-average n1ethod of process costing, co:.rs in beginning inven­
rory are pooled w1th costs in the current period "vhen detern1ining the costs of good 
unit!:> (which includes a nonnaJ spoilage an1ount) anJ the co~ts of abnorn1al spoilage. 

4. l Tnder the FIFO n1etbod of process costing, costs in beginning inventory are 
kept separate from tbe costs il1 tbe currenL period when detennining tbe cost of 
good unit:. (\vhich includes a nor111a l spoi lage an1ounr). The cost of abnormal 
c;poilage is kept separate fru111 the cost of good uniLs. 

5. Under the standard cosring 1nethod of process costing, scand<lrcl costs are used to 
<leternline the cost of good units (which includes a normal spoilage amount) antl the 
cost.., of ahnormal !:>poibge. 

6. \Vith a job-costing syste1n, companies can decide to a'5sign spoi lage to specific 
jobs. Alternatively, they can allocate spoiL1ge ro all jobs as part of manufacturing 
overhead. Loss fro111 abnorn1a l spoih1ge is recorded a~ a period cost. 

7. Reworked units should be i11distinguishable from nonreworkeu good units when 
co111pleLed, and hence the nvo are assigned the -;an1e costs. Normal rework can be as­
signed to a specific job, or if conin1on, to all joh~ as p11rt or 111::inufocturing overhead. 
Abnorn1al rev.rork is written off as a period cost. 

8. Accounting for scrap is sin1ilar to the accounting fur byproducts c.liscussec.l in 
Chapter 15. Co1npanies differ as to both when and how scrap i!> recognized in the ac­
counting records. 

APPENDIX: IN SP ECTION AND SPOILAGE AT INT[R/\.tEDIA-r E STAGES 
OF COM PLETION IN PROCESS COSTING 

668 CHAPTER 16 

Consider how the ti111ing of inspection at various stages or coa1pletion affects the 
au1ount of normal and abnorn1:.il spoibge. As'iurne that norn1al spoibge is l O'Yo of 
the good units passing inspection in the Forging DepartmenL of Lhe D::ina Corpora­
tion, a 1nanufactw·er of automobile parrs. DirccL 1naterials are added aL the start of 
production in the Forging Dep:irtn1ent. Conversion costs are allocated evenly dur­
ing die process. 

Suppose inspection had occurred at the 10rYo . 50'Xi, or I 00°,ib completion stage. 
A tot:l l of 8,000 units arc spoiled in <111 cases. Nore ho'v the nu111ber of units of nor­
mal spoi lage and abnon11al spoilage change. Norn1al spoi lage is co1nputed on the 
11un1her of good u11its that pass the inspection point 111 the c11rrent period. 1~he follo'~'­

ing data are for October. 
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Physical U nits: 
Inspection at Stage of Completion 

Flow of Production at 20°/o at 50°/o at 100°/o 

Work in process, begiruting (2 5 % )* 

Started dlu:ing October 

To account for 
Good units co1npleted and t ran sfe1Ted out 
(85 ,000 - 8,000 spoiled - 16,000 encling) 

Norn1al spoilag:e 

Abnormal spc- il.age (8,000 - norn1aJ spoilage) 

vVork in process, endjng (75o/o)* 

Accounted for 

] 1,000 

74,000 

85,000 

6J,000 
6,600t 

1,400 

16,000 

85,000 

11 ,000 11 ,000 

74,000 74,000 

85,000 85,000 

61,000 61,000 

7 ,700~ 6,100§ 

300 1,900 
16,000 16,000 

85,000 85,000 

*Degree of completion for conversion costs of this deparm1ent at the dates oft.he work-in-process invenrorit:s. 
t 10% x (74,000 m1its started - 8,000 unirs spoLled), since only the wtits started passed the 20% completion 
inspection point in the current period. Beg-inning work in process is excluded from this calculation since it is 
25% complete. 
* l 0% x (85 ,000 unjrs - 8,000 uni rs spoiled), since fill U11its passed the 50% completion i11Spection poiJ1l in the 
current period. 
§J 0% x 61,000, since 61,000 units were fully completed aJ1d inspected in rhe current period. 

Exhibit 18-7 shows the co1nputation of equivalent units assuming inspection at 
the 50% completion stage. The calculations depend on ho'"' much direct materials 
and conversion costs were incurred to get the rulits to the point of inspection. In Ex­
hibit 18-7 the spoiled units have a full measure of direct materials and a 50% mea­
sure of conversion. costs. The co1nputations of equivalent unit costs and the assign­
ments of total costs to w1its co1npleted and in ending work in process would be 
similar to those in previous illustrations. Since ending work in process has passed the 
inspection point in this example, these writs would bear nor111.al spoilage costs, just 
like the units that have been con1pletecl and transferred out. 

EXHIBIT 18-7 
Steps 1 and 2: Computing Equivalent Units with Spoilage, Forging Department of the Dana 
Corporation for October 19_7 

Flow of Production 

Good uruts con1pleted and transferred out 
during current period 

Nonnal spoi lage 

Abnormal spoilage 
Work in process, ending .. 
Tota l 

Deduct work in process, 1Jegi nning 1 

Started dw-ing current period 
\Nork done in currenc period on ly 

(Step 1) 
Physical 

Units 

61,000 

i,700 

300 

16,000 
85,000 

I 1,000 
74,000 

~Degree of co111pl1: tion: d1rec1 111a rcr1ab. l 00%, c;onvr.;r~ ion cosLs, 75%. 
Degree of complcuon: d1n:ct ma ccnnls, I 00% ; couvr.;r~wn co'> ts, 25%. 

(Step 2) 
Equivalent Units 

Direct 
Materials 

61,000 

7,700 

300 

16,000 
85,000 

I I ,000 

74,0UO 

Conversion 
Costs 

61,000 

3,850 

150 

12,000 

77,000 

2,250 

74,750 

SPOILAGE, REWORKED UNITS, 
669 AND SCRAP 
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T his chapter an<l the Glossary at the end of this bookconrain definitions of the following 
impor tant terms: 

abnormal spoilage (p. 653) 
normal spoiJage (653) 

• 

re,vorked units (652) 
spoilage (652) 

' •. I. ASSIGNMENT MATERIAL 

67~ CHAPTER 18 

QUESTIONS 
18-1 \\'hy is there an urunistakable trend in manufacturing to improve quality? 
18-2 Distinguish among spoilage, reworked units, and scrap. 
18-3 "Normal spoilage is planned spoilage." Discuss. 

18-4 "Costs of abnormal spoilage are lost costs." Explain. 
18-5 "v\7hat has been regarded as normal spoilage in the past is not necessarily ac­

ceptable as noonal in the present or future." Explain. 
18-6 "Abnormal units are infen·ed rather than identiiied." Explain. 

18-7 "In accounting for spoiled goods, we are dealing "vi th cost assignment rather 
than cost incurrence." Explain. 

18-8 "Total input includes abnormal as well as normal spoilage and is therefore 
irrational as a basis for computing normal spoilage." Do you agree? Why? 

18-9 "The point of inspection is the key to the allocation of spoilage costs." Do 
you agree? Explain. 

18-10 "The unit cost of norn1al spoilage .is the same as the unit cost of abnormal 
spoilage." Do you agree? Explain. 

18- 11 "In job-order costing, the costs of specific normal spoilage are charged to 
specific jobs.,, Do you agree? Explain. 

18-12 "The costs of reworking defective units are always charged to the specific 
jobs where the defects were originally discovered." Do you agree? Explain. 

18-13 "Abnormal rework costs should be charged to a loss account, not to manu­
facturing overhead." Do you agree? Explain. 

18-14 \A'hen is a con1pany justified in inventoryjng scrap? 

18-15 How do cornpany managements use information about scrap? 

EXERCISES 
L!I 18-16 Normal and abnormaJ spoilage in units. The following data, jn physical 
I J units, descrjbe a grinding process for January: 

Work process, beginn_ing 
Srnrted during cun-ent pe1iod 
To account for 

Spoiled units 

Good units completed and transferred out 

\,\Tork in process. ending 

AccounteJ for 

l 9,000 

150,000 

169,000 

12,000 

132,000 

25,000 

169,000 

Ins pection occurs at the lOOo/o conversion stage. Normal spoi lage is 5% of 
the good units passing inspection. 

I. Compute rhe norrnal and abnonnal spoilage in units. 
2. Assun1 e that the equiYalent unit cost of a spoiled unit is $10. Compute 

the ai11owit of potential sa,ings if all spoilage \\·ere eliminated, asswuing 
that all otber costs urould be unaffected. Comment on your ans\.\·er. 
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18-17 Equivalent units, equivalent unit costs, spoilage. (CMA adapted) Con­
sider the following data for November 19 _7 from the Gray l\1anufacturing 
Company; which m akes silk pennan ts and operates a process-costing system. 
All direct materials are added at the beginning of the process and conversion 
costs are a<!l.ded evenly during the process. Spoilage is detected u pon iJ1sp ec­
tion at the completion of the process. Spoi led units are disposed of at zero 
n et disposal price. 

PhysicaJ Units Direct 
(Pennants) Materials 

Conve1·sion 
Costs 

WC'.u;k .in process, November l* 

Started in November 19 _7 
Good wilts completed and tr::msfen·ed 

out during November 19 _7 

Normal spoila~e 

Abnorma:l spoilage 
Work i11 protess, November 3ot 

Costs added during N.ovember 19_7 

1,000 
) 

9,000 

100 

50 

2,000 

*Degree ofcomp,lerion: direct materials, 100%; conversion costs, 50%. 
·tnegree o f completion: direc.t materials, 100%; conversion costs, 30%. 

REQUJRED 

$ 1,300 $ L,250 

$12,180 $27,750 

1. Compute the equivalent units of work done.ll1 the current period for dll-ect 
materials and conversion costs. Show physical units in thefust coJumn. 

2. Calculate the cost p er eguiva]ent unit of beginning work in process and 
of work done in the current period for direct m aterials and conversion 
costs. 

18-18 Weighted-average method, spoilage. Anderson Plastics 1nakes plastic r ear 
Lam ps fo,r cars using an injection ino.l ding process. Spoiled units are detected 
upon inspection at the end of the process and are disposed of at zero net dis­
posal price. Assume normal spoilage is 15% of the good output produced. 
Anderso11 Plastics uses the weighted-average n1ethod of process costing. 
The following information about actua] costs for ApriJ 19 _8 is available. 

Work in process, April l (l 5 ,000 units) 

Work done during April 19 _8 

To accow1t for 
Good uni ts completed and 

transferred out during April 
19_8 

Nom1al and abnormal spoilage 

Work in process, April 30 (20,000 units) 

Rri)tJlR'f.D 

Ojrect Materials 

Equivalent 
Units 

15,000 

25,000 

40,000 

20,000 

4,000 

16,000 

Total 
Costs 

$120,000 

210,000 

$330,000 

? 

Conversion Costs 

Equivalent 
Units 

14,000 

28,000 

42,000 

20,000 

4,000 

18.000 

Total 
Costs 

$1..J.0.000 

301,000 

$441,000 

1. Calculate the cost per equivalent unit of beginning work in process and 
of work done in the etu-rent period for direct materials and conversion 
costs. 

2 . Sum~marize total costs to account for, and assign these costs to units con1-
pleted (and transferred out), norn1al spoilage, abnormal spoilage, and 
ending work in process using the weighted-average method. 

3. What is the cost of a good uni t completed and transferred out under the 
weighted-average n1ethod? 

SPOILAGE, REWORKED UNITS, I 671 
18-19 FIFO me thod. Refer to the information in Exercise 18-18. AND SCRAP 
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RF 
Do Exercise 18-18 using the FIFO n1ethod. 

18-20 Standard costing m ethod. Refer to the information in Exercise 18-18. 

f-118-21 

Suppose Anderson determines standard costs of $8.20 per (equivalen t) unit 
for direct mate1ials and Si0.20 per (equiYalent) unit for cOTI\' ersion costs for 
both begin_njng ,,·ork in process and ~·ork done in the current period . 

• 
Do Exercise 18-18 using the standard costing method. 
Weighted-average m ethod, spoilage. Superchip specialjzes in the manu­
facture of microchips for aircraft. Direcc materials are added at the stan of 
the production process. Conversion costs are added even ly during the 
process. Some units of this product are spoiled as a result of defects n ot de­
tectable before inspection of finished goods. Nor:maUy, the spoiled units are 
15 % of the good units transferr ed out. Spoiled units are djsposed of at zero 
net ilisposal price. 

Superchip uses the weighted-average method of process costing. Sum­
mary data for Septe1nber 19_7 are 

Physical Units 
(J\1icrochips) 

Direct 
l\ilaterials 

Conversion 
Costs 

\,\ 'ork in process. September i • 

Started in September 19_7 

~o 

l,700 

$ 64,000 $ 10,200 

Good units co1npleted and transferred 
ouc dunng September 19_7 

\\hrk in process, Septen1lier 3ot 

Costs added dunng Seprember 19 _7 

J,400 

300 

•Degree of complt:tion: direct materials, I 00%; com crsion cosr.:., 30%. 
1 Degree of complcuon: Jtrect n1atenals. I 00%, conversion cos-ts, 4-0%. 

$3 78,000 $ 153,600 

l . For each co~t element, compute d1e equivalent units of work done in 
September l9_7. Shov. physical units in the fi rst column. 

l. For each cost element, calculate the cost per equivalen t unitofbeginning 
v.·ork in process and of " ork <lone in September J9 _7. 

3. Summarize the total costs to account for, and assign these costs to units 
completed (and transferred out), normal spoilage, abnormal spoilage, and 
ending \Vo1·k in process using the "''eighted-average method. M 18-22 FIFO method, spoilage. Refer to the information in Exercise 18-21. 

Du Exen..:~e 18-21 u!Siug Ll1e FIFO u1et.11uu uf prucess costing. 

18-23 Standard costing method, spoilage. Refer to the information in Exercise 
18-21. Suppose Superchip deternunes standard costs of $205 per (equivalent) 
unit for direct 1naterials and $80 per (equivalent) Wlit fo r conversioo costs for 
both beginning\\ ork in process and "ork done in the current period. 

Do Exercise 18-21 using -;tandard costs. 
18-24 Sp oilage and job costing. (L. Bamber) Ba.n1ber Kitchens produces a variety 

of itea1s in accord~u1ce with special job orders from hospitals, plant cafete­
rias, and uni•ersin· dormitories. A..n order for 2,500 cases of mixed veg-eta-. ~ 

ble~ costs $6 per case: direct materials, $3; direct rnanufacruring labor, $2; 
and rnanufacturing overhearl allocated, $1. The manufacturing overhead 
rate includes a provision far norn1<1l spoilage. Consider each requirement in­
dependently. On1it explanations of journal entries. 
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REQUIRED 
1. Assume that a laborer dropped 200 cases. Suppose that part of the 200 

cases could be sold to a nearby prison for $200 cash. Prepare a journal 
entry to record this event. Calculate and explain briefly the unit cost of 
the remaining 2,300 cases. 

2. Refer to the original data. Tasters at the company reject 200 of the 2,500 
cases. The 200 cases are disposed of for $400. Assume that this r ejection 
rate j5 considered normal. Prepare a journal entry to record this event, 
and calculate the unit cost if 
a . T.hesejection is attributable to exacting specifications of this particu­

lar job. 
b. The cejection is characteristic of the production process and is not at­

tributable to this specific job. 
Are unit costs the same in requirements 2a and 20? E-x1>laio your reason ­
ing brjefty. 

3. Refer to the original data. Tasters rejected 200 cases that had insufficient 
salt. The product can be placed in a vat, salt added, and r eprocessed into 
tars. This operation, which is considered normal, 'vill cost $200. Prepare 
a jourBal entry to record th.is event, and calculate the unit c0st of all the 
cases if 
a. This additional cost was incurred becaus·e of the exacting specifica-

tions of this particular job. 
b. T his additional cost occurs regularly because of difficulty in seasoning. 
Ai-e unit costs the same in requirements 3a and 3b? Explain your reason­
ing briefly: 

18-25 Reworked units, costs of rework. \iVhite Goods assembles washing ma­
chines at its Auburn plant. I n February 19 _8, 60 tumbler units that cost $44 
each from a new supplier were defective and h.ad to be disposed of at zero 
disposal price. White Goods was able to rework all 60 washing machines by 
substituting new tumbler units purchased from one of its existing suppliers. 
Each replacement tumbler cost $50. 

Pc--Q ~~ ,.> 

1. ~at alternative approaches are there to accoun t for the materials costs 
of reworked units? 

2. Should White Goods use the $44 or $50 amount as the costs of material'> 
reworked? Explain. 

3. -what other costs might "\Nliite Goods include in its analysis of the tota l 
costs of rework due to the tumbler u nits purch ased from the (now) bank­
rupt supplier? 

18-26 Scrap, job-order costing. The M endoza Com pany has an extensive job­
costing facility that uses a variety of metals. Consider each requirement in­
dependently. Omit explanations of journal en tries. 

- .r -
1. Job 372 uses a particular inetal aUoythatis not used fo r any other job. As­

sume that scrap is accounted for at the tin1e of sale of scrap. The scrap is 
sold for $490. Prepare the joun1al enny. 

2. The scrap fron1 Job 3 72 consists of a n1etal used by many at.her jobs. No 
r ecord is maintained of t.h e scrap generated by individual jobs. fu.::.wne 
that scrap is acco·w1ted for at the cin1e of its sale. Scrap totaling $4,000 is 
sold. Prepare two jo urnal entries that could be used to account for the 
sale of scrap. 

3. Suppose the scrap generated in require1nent 2 is returned to the store­
room for future use and a jou rnal entry is made to record the scrap. A 
inonth .l ater, the scrap is reused as direct material on a subsequent job. 
Prepare the journal entrjes to record these transactions. 

SPOILAGE. REWORKED UNITS, 673 ANO SCRAP 



TERADATA, Ex. 1013, p. 707

674 CHAPTER 18 

18-27 Physical units, inspection at various stages of co.mpletion. (Chapter Ap­
pendix) N ormal spoilage is 6% of the good Uiuts passing inspection in a 
forging process. In March, a total of 10,000 units were spoiled. Other data 
include units started during March, 120,000; \\'Ork in process, beginning, 
l-t,000 units (20% completed for conversion costs); work in process, ending, 
11 ,000 units (70o/o completed for conversion costs). 

' 
In columnar forn1, con1pure" the normal and abnormal spoilage i11 units, as-
suming inspection at 15%, 40%, and 100% stages of co1npletion. 

PROBLEMS 
18-28 Weighted-average method, spoilage. Spicer uses the weighted-average 

met.hod of process costing. Consider the following data for the Cooking De­
parrment of Spicer, Inc., for the rnonth of January 

Workin process, J anuary 1*" 

Started in January 

Good uni ts con1pleted and transferred 
out during January 

Spoiled unics 

Work in process, January 311 

Costs added during]anuary 

Physical Units 

Ll,000 
74,000 

61,000 

8,000 
16,000 

•Degree of completion: dfrect materials, 100%; com' ersion cosrs. 25%. 
1Degree of completion: direct materials, 100%; conversion C(~Sts, 75%. 

Direct 
Materials 

$ 220,000 

$1,..f.80,000 

Conversion 
Costs 

$ 30,000 

$942,000 

Inspection occurs when production is 100% completed. Normal spoilage is 
11 % of good units completed and transferred out during the current period. 
Spoiled Lmits ai-e disposed of at zero net clisposal price. 

I . 

1. Summarize total costs to account for, and assign these costs to 1.m.its com­
pleted (and transferred out), normal spoilage, abnon11al spoilage, and 
ending work in process using the weighted-average method. 

2. \.Vhat is the cost of a good unit completed and transferred out under th.e 
weighted-average m.et.h od? 

18-29 FIFO method, spoilage. Refer to tbe information in Problem L8-28 . 
., '} r 

D o Problem 18-28 using the FIFO n1ethod of process costing. If you did 
Problem. 18-28, con1ment on the cost differences under the weighted-aver­
age and FIFO methods. 

18-30 Standard costing method, spoilage. Refer to the information in Problem 
18-28. Suppose Superchip detern1ines standard costs of $20 per (equivalent) 
unit for direct 1uaterials and $11 per (equivalent) unit for conversion costs 
for both beginning work in process and work done in the current period. 

I I 

D o Problem 18-28 using the standard costing method of process costing. 
18-31 Weighted-average method, spoilage. The Alston Con1pany operates 

under a weighted-average n1 ethod of process co ting. Ir has Gvo depart­
ments, Cleaning and Milling. For both departments, conversion costs are 
added uniforrnJy throughout the processes. J-Iowever, direct 1nate1ials are 
added at the begi ru1ing of the process in the Cleaning Department, and ad­
ditional direct materials are added at tbe enc.I of the milling process. The 
costs and unit production statistics for .iVIay follow. All unfinished work at 
the end of Jvlay is 2 5 % con1pleted as to conversion costs. The begirulli1g in-
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ventory (May 1) was 80% completed as to conversion costs as of l\!Iay 1. All 
completed "'ork is n·ansferred to the next department. 

Beginning Inventories 
Cleaning: $1,000 direct materials, $800 conversion costs 

Milling: $6,450 p.re,~ous department cost 
(transferred-in cost) and $2,450 conversion costs 

Costs Added during Current Period 
Direct materials 

Conversion costs 

Physical Units 
Units in beginning inventory 

Units started this month 

Good un.its c0n1pleted and transferred out 

Normal spoilage 

Abnormal spoilage 

Cleaning 

$1,800 

$9,000 

$8,000 

l ,000 

9,000 

7,400 

740* 

260 

Milling 

$8,900 

$ 640 

$4,950 

3,000 

7,400 

6,000 

3oot 

100 

*NormaJ spoilage in the Cleani.u.g Depru:trllentis 10% 0£g00d units completed and transferred out. 
tNonnal spoilage in theJ\1illing Depa1unent is 5% of good units completed m<l transferred out. 

AD01-r10N.\L INFoRl\IATION 

1. Spoilage is assumed to occur at the end of each of the two processes 
when the units are inspected. Spoiled units are disposed of at zero net 
disposal price. 

2. Assume that there is no shrinkage, evaporation, or abnormal spoilage 
other than that indicated in the information given. 

3. Carry unit cost calculations to three decimal places where necessary. Cal-
culate final totals to the nearest dollar. 

REQtJIRED 
Using the weighted-average method, summarize total costs to account for, 
and assign these costs to units completed (and transferred out), normal 
spoilage, abnormal spoilage, and ending work in process for the Cleaning 
Department. (Problem 18-3 3 explores adclitional facets of this problem.) 

18-32 FIFO method, spoilage. Refer to the information in ProbJem 18-31. 
F.EQLIRFD 
Do Problem 18-31 using the FIFO method of process costing. (Proble1n 
18-34 explores additional facets of this problem.) 

18-33 Weighted-average method, Milling Department (continuation of 
18-31). Refer to the infonnation in Problem 18-31. 
..EQL~IF D 

Use the vreighred-average method to summarize total costs to account for, 
and assign these costs to unit.c; co1npleted (and transferred out), normal 
spoilage, abnormal spoi lage, and ending work in process for the Milling De­
partment. 

18-34 FIFO method, Milling Department (continuation of 18-32). Refer to 
the information in Problem 18-31. 
V;: (1"' 11'--U 
Use the FIFO inethod to summaxize totaJ costs to accotrnt for, and assign 
these costs to units completed (and transferred out), normal spoilage, abnor­
r.nal spoilage, an d ending work in process for the Milling D epartn1ent. 

18-35 Job-cost spoilage and scrap. (F. Mayne) Santa Cruz Metal Fabricators, 
Inc., has a large job, No. 2734, that calls for producing various ore bins, 
chutes, and meta l boxes for enlarging a copper concentrator. The foUowing 
charges were made to the iob in November L 9 _8: 

SPOILAGE. REWORKED UNITS. 75 ANO SCRAP 
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Direct materials 

Direct manufacturing labo.r 

J\llanufacruring overhead 

$26,951 

15,076 
7,538 

The conrract v.rith the custo.rner called for the total price to be based on a 
cost-plus approach. The contract defined cost to include direct rnaterials, di­
r ect manufacturing labor co~ts, and manufacturing over.head to be aJlocated 
at 50% of direct manufacturing labor costs. The conrract also provided that 
the total costs of all work spoiled were to be removed from the billable cost 
of the job and that the benefits from scrap sales were to reduce the billable 
cost of the job. 

1. In accordance v.':ith the stated terms of the conrract, prepare journal en­
tries for the follo,ving two items: 
a. A cutting error was made in production. The up-to-date job-cost 

record for the batch of work involved sh owed 1naterials of $650, direct 
manufacturing labor of $500, and allocated overhead of $250. Because 
fairly large pieces of n1etal were recoverable, the company believed 
that the scrap value was $600 and d1at the materials recovered could 
be used on other jobs. The spoiled work was sent to the warehouse. 

b. Small pieces of metal cuttings and scrap in November 19_8 amounted 
to $1,250, which was the price quoted by a scrap dealer. No journal 
enrries have been made with regard to the scrap until the price was 
quoted by the scrap dealer. The scrap dealer's offer \;vas immediately 
accepted. 

2. Consider normal and abnormaJ spoilage. Suppose the contract described 
above had contained the dause "a normal spoilage allowance of 1 % of 
the job costs will be 1ncluded in the bi llable costs of the job." 
a. Is this clause specific enough to define exactly bow much spoilage is 

normal and how much is abnorn1al? Explain. 
b. Repeat requirement 1 a with this "normal spoilage of 1 % " clause in 

rnjnd. You should be able to provide two slightly different journal en­
tnes. 

18-36 Job costing, rework. The Bristol Corporation tnanufactures two brands of 
motor_s, SM-5 and R\iV-8. The costs of rnanufacru.ring each SM-5 motor, ex­
cluding rework costs, are direct materials, $300; direct manufacturing labor, 
$60; and 1nanufacturing overhead, $190. Defective units are sent to a sepa­
rate rework area. Rework costs per SM-5 n1otor are direct materials, $60; di­
rect manufacturing labor, $45; and nianufacturing overhead, $75. 

In February 19_8, Bristol manufactured 1,000 SM-5 and 500 RW-8 
motors, and 80 of the SM-5 motors required r ework. Bristol classifies 50 of 
these Lnotors as normal rework for Si\11-5 and R\¥-8, and not specifically at­
tributable to SM-5 . None of the RW-8 motors requ_ired rework. Brisco! allo­
cates manufacturing overhead on the basis of machine-hours required to 
manufacture SM-5 and RW-8. Each SM-5 and RW-8 1notor requires the 
same number of machine-hours. 

l . Prepare journaJ entries to record the accounting for rework. 
2. What were the total rework costs ch arged to S.N[-5 m otors in February 

19_8? 
18-37 Job costing, scrap. The ' ¥ong Corporation n1.akes two different types of 

huhcaps for cars-111odels 1-lJ.\1[3 and JB4. Circular pieces of metal are 
stan1ped out of steel sheets Oeaving the edges as scrap), formed, and :finished. 
The stan1ping operation is identical fo r both types of hubcaps. During 
lvlarch, \~Tong n1anufactured 20,000 units of HNI3 and 10,000 units of JB4. 
In March, manufacturing costs per unit of Hl\tl3 and JB-l before accounting 
for the scrap are as follows: 
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HM3 JB4 

Direcr-materiaJs $10 $15 

Direct manufacturing labor 
., 
) 4 

Materials-related manufacturing overhead (materials 
handling, storage, etc.) 2 3 

Other manufacturing overhead 6 8 - -
Unit manufacturing costs $21 $30 

-

MateriaJs-related manufactaring costs are allocated to products at 20% 
of direct materials costs. Other n1anufacturing overhead is allocated to prod­
ucts at 200<1'0 of direct n1anufactaring labor costs. Since the same metal 
sheets are used to make both types of hubcaps, Wong maintains no records 
of the scrap generated by the individual products. Scrap generated dur:ing 
man.ufacturing is accounted for at the time it is returned to the storeroom as 
an offset to materials-related manufacturing overhead. The value of scrap 
generated during March and returned to the storeroom was $7 ,000. 
REQLTfRED 
1. Prepare a journal entry to summarize the accounting for scrap during 

March . · 
2. Suppose the scrap generated in March was sold in April for $7 ,000. Pre­

pare a journal entry to account for this transaction. 
3. Whatis the manufacturing costperunitfor HM3 and JB4 in March after 

accounting for scrap? Explain. 
18-38 Weighted-avera,ge, inspection at 80°/o completion. (A. Atkinson) (Chap­

ter Appe11di:x) Ottawa Manufacturing produces a plastic toy in a two-stage 
manufacturing operation. The company uses a weighted-average process­
costing system. During the month of June, the following data were recorded 
for the Finishing Department: 

Units of begjnnjng jnventory 

P ercentage of beginning units completed 

C ost of direct material'> in beginning work in process 

Units started 

Units completed 

Uni ts in ending inventory 

Percentage of ending units co1npleted 

Spoiled w•its 
Costs added during current period 

Direct n1aterials 

Direct manufacturing labor 

Manufacturing overhead 

Work iJ1 process, beginning 

Conversion costs 

T ransferred-i.r1 costs 

Cost of units LTansferred in during current period 

10,000 

25% 

$0 

70,000 

50,000 

20,000 

95% 

10,000 

$655,200 

$635 ,600 

$616,000 

$ 42,000 

$ 82,900 

$647,500 

Conversion costs are incmTed evenly throughout the process. Direct materi ­
als costs are incurred when production is 90% co1n plete. Inspection occurs 
when production is 80% co1nplere. Nonna) spoi lage is 10% of all good units 
that pass inspection . Spolled unjts are disposed of at zero net disposal price. 

I . r I I 

For the lnonth of J une, sununarize total costs to accoun t for, and assign 
these costs to tulits con1pleted (and transferred out), nonnal spoilage, abnor-
111al spoilage, and ending work in process. 

SPOILAGE, REWORKED UNITS, 
ANO SCRAP 77 
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18-39 Process versus job costing, spoilage, ethics. Chjp Contractors assem bles 
high-performance microchips for two customers- P restige J ets and the U.S. 
Air Force. The en~phasis the Air Force places on quality he1ps C hip impress 
potential customers about the quality of its chips. Kelly G illis, the president 
of Chip Cona:actors, decides to use a double- testing p rocedure for chips 
sold to the U.S. Air Force. Tom Sanders, the controller of C hip Contrac­
tors, asks Gillis how she wa.nts the cost of this extra testing shown in the ac­
counting records. Each month Sanders co1n piles a production -cost report 
that he sends to Prestige J ets. Prestige pays C hip the actual production cost 
per chip purchased plus a 20% profit margin. Tbe U .S. Air Force contract is 
for a fixed p rice per good chip. 

Gillis tells Sanders to fo llow the normaJ p ractice of compu ting the cost 
of good chips at the tot al plant level r ather than for each custom er. Sanders 
strongly objects to this approach. H e bel ieves it will resul t in Chip Contrac­
tors overcharging Prestige Jets. Gillis believes that they should wait until 
Prestige Jets complains before they make any adjustments. She is adamant 
that no internal spoilage data shouJd be shown to Prestige Jets. 

Sanders decides to privately track cost and spoilage da ta in M ay 19_7 
for Chip~ two product lines. This trackin g is relatively easy because a sep a­
rate production line is used for each <-"lls torn.er : 

Prestige U .S. Total 
J e ts Air Force Plant 

Physical Units fo.r M ay 
Work in process, begi nning inventory 0 0 0 
Started during May 6,000 4,000 10,000 

Good uni rs complered and transferred our 
<luring May 4,000 2,000 6,000 

Work in process, endlng inventory l ,500 l,100 2,600 

Direcr materials (both 100% complete) 

Conversion costs (horh 70% complete) 

Normal spo ilage(% of good unics transfen-ed 
out) 7.5% 25% ~ 

Costs for May 
Wc1rk in process, beginJting inventory $0 $0 $0 

Direct materials adde<l duri ng /\1ay $11 ,750,000 $8,500,000 $2 L,250,000 

Conversion cosrs adde<l during May $ 7,834,000 $6,327,080 $14,161,080 

Al l dj rect n1aterials are introduced at the beg-in nin g of the production 
process. C on version costs are assigned evenly during the process. Inspection 
occurs at the en d of the production process. Spoi led chi ps are disposed of at 
zero net disposal price. C hip C ontractors nses the weighted-average method 
o f process costing. 

( J ,. ~ 

l . Com pute the actual cost per good chjp transfen·ed out in May for (a) 
Prestige Jets, (b) th e U.S. Air Force, and (c) the total plant. Chip Con­
a·actors includes both nom1al and abnormal spoilage costs when comput­
ing actual costs for Prestige J ets. 

2. Exp lain any di fferences herween (a) and (b) in requir ement I. 
3. ·w h at cost number per good chip sold in May 19_7 s hould Sanders 

report to Prestige J ets? Explain any ethical dilemmas that be n1ight 
face. 

4 . Suppose the purchasing offi cer of Prestige J ets receives the May 19_7 bill 
based on the planl urut cost per good output unit. H e immediately re­
quests that Sanders provide fu ll details on ho\V the May urut cost amou nt 
was dete rmined. '\i\lh at should Sanders do? 
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COLLABORATIVE.LEARNING PROBLEM 
18-40 Job costihg, spoilage. (CMA adapted) The Richport Compan.y n1anufac­

.tures products that ohen require specification changes or 1nodi:fications to 
meet its ·customers' needs. Still, Richport h:as been able to establish a normal 
spoilage rate of 2 .5 % of norwza1 input. Normal spoilage is recognized during 
the budgeting process and classified as a component of nlau:ufacturing over­
head when determining the overbeadrate. 

Rose, Duncan, one of Richpqrt's inspection managers, obtains the fol­
lowing infor1nation for J ob No. Nl 192-122 that was recently co1npleted. A 
t0tal of 122,000 units were started, and 5,QOO units were rejected at:fu1al in­
spection yieldii1g 117,000 good units. Dm1can noted that 900 of the first 
units produced \Vere rejected because of a design defect that was considered 
very unusual; this d~f€ct was corrected irrunediately1 and no further units 
were rejecte_d for tins reason. These units were disposed of after incurring an 
additio1ia.l cost_of $1,200. Duncan was unable to identify a rejection pattern 
for the re1naining 4, 100 rejected rniits. These uni ts can be sold at $7 per unit. 

The total costs for all 112,000 units of Job No. Nll 92-122 are pre­
sented here. The j0b has been e0n1pleted, but th.e c0sts have yet to be trans­
ferred to finishe.d goods. 

Direct n1aterials 

Direct n1anufacrur.ing labor 

Manufacturing overhe_ad 

Total manufacturing costs 

INSTRUCTIONS 

$2,196,000 

1,830,000 

2,928,000 

$6,954,000 

Form groops of two or more students to complete the following require­
ments. 
REQUIRED 
1. Calculate the unit quantities of normal and abnormal spoilage. 
2. Prepare the appropriate journal entry (or eno-jes) to properlyaccoun.t for 

J ob No. Nl 192-122 including spoilage, disposal, and transfer of costs to 
finished goods control. 

3. 1-fowwould the information in requirement 2 be useful to Richport? 
4. Flowwell do you tbink Richport is rnanaging spoilage? 

SPOILAGE, Rl:WOAKED UNITS, 
679 AND SCRAP 
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AGEME UALITY, 
~ 

.N.f' 
I 

--\ 
'--',-------.,,-- -l.11 /) 

Cnstomers are requiring companies 
to meet demanding quality leve]s 
and delivery schedules while main­
taining competitive prices. To 
achieve these multiple goals, com­
panies such as llansford Manufac­
turiog Co1ppany use sophisticated 
flexible robotic systems in their 
1:nanufacturing operations and inon­
iror performance usin,g both finan­
ciaJ and nonfinancial measui;-es of 
quality and tiane. 

' . 

After studying th.is chapter, you should be able to 

J. Explain four cost categories jn a cost of quality program 
2. Describe three methods that co1npanjes use to identify 

quality problems 
3. Identif)r the relevant costs and benefits of quality im­

provements 
4 . Provide exan1ples of oonfmancia l quality n1easures of 

custo1ner satisfaction and internal performance 
5. Understand why coinpanies nse both financia l and non­

financial 1neasures of quality 
6. D escribe custon1er-response tin)e, and explain the rea­

sons for and the cost of Jines and delays 
7. D efine the three 1nain measurements in the theory of 

constraints 
8. Describe four steps in rnanaging bottlenecks 
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A.., we <;tared in Chapter 1, global con1peti tion and <len1anding customers have 
forced n1an~1gers to imprO\ e the quality of their products ancl to deliver them to 

{.'.U'iton1 er<> fo 'ire r. But achievrng higher quality anJ fa.:;te r delivery requ ires rnanagers 
to iJentify ;1nd overco1ne a Yariety of o rganizational constra ints. ~rhis chapter exan1-
ines ho\\ mnnage111cnt accow1ti ng can ass ist managers in taking initiatives in the 
qualil:) and time areas, and in making decisions under 111any consa·ajnts . 

• 

QlJ1\LITY AS A COfv\PETITIVE WEAPON 
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i\1lany con1panjes th roughout the world-for exan1 ple, I-Ie\1'lett-Packard and Ford 
1\lfotor Co111pany in the United States and Canada; British Telecom 111 the United 
Kingdom; Fujitsu and Toyota in Japan; Crysel in i\1exico; }l nd Samsung in l{orea­
vie'N" total-qua lity n1anageine11r as one of the n1ost in1portant success factors of the 
1990s because it reduce. costs and increases custo1ner satisfaction. Several presti­
gious, high-profile awards-for example, the l\tlalcoln1 Baldrige Quality A\vard in 
the Unite<l States, the Deming Prize in Japan, and the Pren1io NacionaJ de Calidad 
in Mexico-have been instituted to recogn ize excepcional quality. 

lnten1ationaJ quality standards have en1 erged. For exainple, ISO 9000, devel­
oped by the In ternational Organization for Standa rdization, is a set of five interna­
tional stand~1 rd<> fo r quality rnan•1ge1nent adopte<l by more than 60 countries. ISO 
9000 'Nas created to enable con1panies tn effectively docun1ent anc.I certify their quaJ­
ity systen1 clc1nents. So1ne con1panies, 'luch as DuPont and General Electric, are in­
creasinglr requiring their suppliers to obtain ISO 9000 certification. \Vhy? To re­
duce their own costs hy evaluating, assessi ng, and \\'o rking to improve the quality of 
their suppliers' products. 1~hus, certification and ao en1phasis on quality are rapidly 
becon1ing cond itions for con1peti ng in the glnha l 1narket. 

Y\Yhy this emphasis on qu:ctlity? Because quality costs can be as much as l 0% to 
20(Yo of sales revenue for n1any organizations. Qu~1liry-i.1uproven1ent progra1ns can 
result in sLibstancial savings an<l lugher revenues. 1V1otoro la , the telecon1n1unications 
and electronics manuf::icturer, estin1ates that ir saved $2 billion in 1994 fro1n quali ty 
progra111s. This ;1n1 0UJlts to savings of 9% on annual revenues of $22.2 bil1 on in 
199.+. J\'1otoroJa 's 199.+ operating incon1e \\fas $.2 . .+billion. \!Vithout the savings from 
its qua li t) progran1.s, 1\!lororo la's incon1e \VOuld be considerably lower. 1 

C~onr.; i der a general effect that qllality has on revenues. If c.:0111petitors are in1-
p.roving- 4ualit), then a con1pany 1.hat does not invest .in quality irnprovement will 
likely su ~fer a decline in its market share and revenues. In this case, the benefit of 
better quality is in preventing lower revenue~, not in gener<1ting higher revenlleS. 

Quality in1prove1nent also has non financial and qualitative effects that irnprove 
a con1pany's long-terrn perforrnance. For exan1ple, n1anagers and \.vorkers focusmg 
on quality ga in expertise ahuut product anc.l process. Thi kno'vvledge may lead to 
lower c.:o<;ts in the future. i\'lanufocturing a product of high qua lity can enhance a 
con1pany's repuLation and increase cu-,ton1er gooc.hv ill , \\ hich 1nay lead to h.igber fu­
ture revenues. 1\!lotorola believes thar irs qua li ty iniciacives, \.Vhich have incn:a:;e<l 
cu<; to rner saLisfocrion, a l~u fueled its 380rX) incre;1se in revenues, ~00% increase in 
profits, anti 6001M1 increase in stock price over the lasr H years. 

Ac; corporations' ri:sponsibiliues tO\\ard the envi ro nn1enr grov.·, 111any inanagers 
<lre paying increasing attention to environmental quality and the prohlen1s of air pol­
luLion, ""a"te waler, oil and chen1ical '>p ills, hazar<lous ,,·aste, and 'vvaste 1nanagen1 ent. 
The costs of en' iron111ental dan1agc (fai lure cosls) can be ex:tren1 ely high to corpora­
tions under the I <J<)() an1cnd111 e.11t5 to the CJe;1n Air Act. Co111pan.i es can he charged 
n1ult-in1i.llio.11 Jollt1r fines. Fur exa111ple, Ex:~on paid $ 125 111illion in fi11es a11d restitu­
tion on top of $1 hiluon in civil parn1ents for the Exxon '\ra ldez oil spill , v. hich 
harn1ed the Alask;111 const. Jn 1994, the Internacional ()rg311iz:ition for Standardiza­
tion announced lS() 1-1-000, <111 en\ iron1nental 1nanagement standard. T he standard 's 
goal i~ to nudge organizations to pw·sue envirnn1nent:1 l goals vigorous !~· by develop­
ing (I) environ111ental lll lll1 <lge111ent srstenlS to in1provc die Cll\iro11111enta l in1pact of 

1 B::i~\.'.d o n di :.<:u~:. iPll '> \\ ttli Rid1a1-J Fhu::um. Din:L·uir or Qualir;. \lo rorola. T nc. 

.u 
r 
r 
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an organization 's activities, products, and services, and (2) environn1ental auditing 
and performance evaluation systems to review and provide feedback on hov.r well an 
organization has achieved its environmentaJ goals. 

TWO ASPECTS OF Ql)ALITY 
The term quality refers to a wide variety of factors-fitness for use, the degree to 
which a product satisfies the needs of a customer, and the degree to which a product 
conforms to design specification and en.gmeering requireinents.2 We discuss two 
basic aspect,; of quality-quality of design and confarntance quality. 3 

Quatit:J1 of de.ii[,rn 1neastu·es how closely the characteristics of products or services 
match the needs and wants of customers. Suppose customers of photocopying n1a­
chincs want copiers that combine copying, faxing, scanning, and e.lectronic printing. 
Photocopying machines that fail to meet these customer needs fail in the quality of 
their design. Sim_i larly, if custon1ers of a bank want an autornated pay1nent system for 
their monthly bills, not providing this facility would be a quality of desjgn faih:u·e. 

Confortnance qualit.y is the perfonnance of a product or service according to de­
sign and production specifications. For example, if a photocopying machine mishan­
dles paper or breaks down, it wi ll have fai led to satisfy conformance quality. Products 
not confon1Iing to specifications must be repaired, reworked, or scrapped at an addi­
tional cost to the organiza tion. If nonconformance errors are not corrected within 
the plant and the product breaks do"'rn at the customer site, even greater repair costs 
as weIJ as the loss of customer goodwill-often the highest quality cost of all- may 
result. In the banking industry, depositing a custon1er's check into the wrong bank 
account is an exainple of confonnance qua li ty fai lure. 

The fo llowing diagram illustrates our framevvork: 

Actual 
Performance 

+--- Conformance 
Quality 

Design 
Specifications 

Quality 
of Design 

Customer 
Satisfaction 

'To travel the road fTon1 actual perfonnance to customer satisfaction, con1panies a1ust 
meet design specification1:> through conformance quality, but they rnust also design 
products to satisfy custon1crs through quaLty of design. 

COSTS OF QlJALlTY 
The costs of quality (COQ) are cost5 incurred to prevent or rectify lhe production 
of a low-quality product. These cosLS focus on conforn1ance quaLty and are incurred 
in all areas of the va lue chain. ~rhcy are classified into four categories: 

1. Prevention costs-costs incurred in precluding the producLion or products 
that do not conforn1 to specification.,. 

2. Appraisal costs-costs incurred in deLecting which or the individual units or 
products do not conforrn to specilication'i. 

21 'hc American Society for Qlrn li Ly Con trol clcfincs q1Jtd1ty a<; lhe tot;ility of lcnlurcs and chanic­
reris1 ics of a product rnadc or a c;crvice perf or111ed according 10 c;pccificauonc;, Ill sati-;fy cuc;10111crc; 

at the time of ptirchasc and dunni; use. J\NSI/J\SC.)C J\3- 1978, Q11rt!11y .\)•.1'11!11/S 7i·r11111wlogy (Mil­
waukee, Wis.: An1cric;1n Society for (}uali1y Control , 197){). 
1Sec R. DeVor, ~r. Ch:ing, anJ j. Suth erland, ,(.,'tatfft1ctd Qualzty Dcs1f.{11 nm/ C1111trol (New York: 
Macmi llan, 1992); and]. Rvans anJ W. L1n d<>:.iy, rlu· Mrm"g1:;11c11t //Jul Contrf!I q{Q1111/itj• (St. Pnul: 
We.;r, 1993). · · 

Fxplain fow· cost cate­
gories in a cost of quali ty 
program 

COST MANAGEMENT 
QUALITY, I IME, ANU 1 HE 

683 THEORY OF CONSTRAINTS 
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EXHIBIT 19-1 
Items Pertaining to Costs of Quality Reports 

Prevention 
Costs 

Design engineering 

Proccc;s engineering 

Quality enginccnng 

Supplier evaluations 

Preventive equiprnent 
m:iinten:inc~ 

Quality rraining 

Ne"' materials used 
to manufacture products 
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Appraisal 
Costs 

I nspecnon 

On-line product 
n1anufocruring and . . 
proces~ 1nspect1on 

Product te.'>ting 

latemaJ Failure 
Costs 

Spoi lage 

Rew~rk 
Scrap 

Breakdown n1aintenance 

Manufacruri.ng/process . . 
engineering on 
internal failure 

External Failure 
Costs 

Customer support 

Transporta tion coses 

Manu ~acrw:ing/process 
cngmeenng 

Warranty repair costs 

Liability dai1us 

3. I.nterna] failure costs- costs in.curred wben a nonconforming product is de­
tected before it is shipped to custon1ers. 

4. External faih1re costs-costs incurred when a nonconforming product is de-
tected after it is shipped to custon1ers. 

Exhibit 19-1 presents exarnples of individua l cost of quality ite111s in each of these 
four categorie:, reported on COQ r eports. Note that the items included in Exhibit 
19- l come from aU value-chain business functions and are broader than the internal 
failure costs of spoilage, rework, and scrap in n1anufacturing consjdered in Chapter 
18. 

l\Te illu!>trate the various issues in rnanagjng quality- from con1puting the costs 
of quality, Lo identifying quality problenlS, to takin g actions to in1prove quali ty­
usin g the Photon Corporation as example. Photon makes inany products. Our pre­
sentation focuses on Photon's photocopying rnachines, which earned an operating 
income (If $2-t million on sa les of $300 nullion (20,000 copiers) in 19_8. Photon de­
tcnnine~ itc; costs of quality using an activity-based approach with five steps. 

-.. cp I· I· ..:·1 .. • 1 \ II Qu;1lity-Rcl~1 cd \ cti' i~e<; and \ ctivity Cost P ools Col­
wnn 1 ()f Exhihic 19-2, Pane l A, class ifi~ costs into prevention , appraisal, internal 
fa ilure, and externa l failure categories, and indicates the va lue-chain functions in 
which the co~Lc; occur. One such activity is in!>pecting (including Lestiog) the photo­
copying n1achines. 

Step 2: l)etcrn1i11t:. t .iL Q i l ••f r•le (~ .. t-.\llocarion B;ise fo1 Fath Qualit\-
1'tl 11_ • (See Exhibit 19-2, Pane l A, colu1nn 2.) For cxa1nple, Photon 
idcntihe!> in.,pcction hours, the prin1ary cost Jriver, as the cost-allocation base of the 
inspection acuvil). Assurne that photocopying 111ach.ines use 240,000 hours (12 hours 
per copier x 20.000 copie rs) of the cosr-nllocauon base. 

' L ... ~. ~ Hllpl tnc. k.J e "lLI 1 nit ,r ~.1( 1 Coc;1 llocation Ba .. c (See Ex­
hihir 19-2, P ane l \ , column 3 .) Due to sp;1ce conc;iderations, \Ve do not proY1de de­
tails of the c:1lculations.4 ln the Photon exan1ple, the total (li\:ed and variable) cost~ 
ol in!l pection :.ire $40 per hour. 

Step 4: ( 01nputc the (:osts of Eat·h Qu;ilit)-Rel.lled \ctivit} for Photocopying 
:\lachinc"i lH \lultipl) ing the Quantit) of the ('o..,t-Allocation Rase Dctcr-
nun d in h~ 1'-.t~e ler l 1it n'" I I ( 0

(-: .. OlJl. Hl B~1'>L Con1pu ced 
• (l)cc Fxhihit L9-2, Panel A., colun111 4.) Tn our exao1ple, quality-related 

inspection costs are $9,600,000 (240,000 hours x $40 per hour). 

~ 1\lln1.\1 ll•)n nHt:s .ire c.:11mpuLed u!>ing methods J e'\c:nheJ in C h:iptcr 4 (p. <)(>-97). Chapter 5 
(p. l -IC1), 111d C h.1p1er 1-1 (p.510-511). 
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EXHIBIT 19-2 
Activity-Based COQ Analysis for the Photon Corporation 

- . -~.--- . 

PANELA; C OQ REPORT 

Allocation Base or Cost Driver 

Costs of Quality and 
Value-Chain C ategory Quantity 

(1) (2) 

Prevention cQ;ts 

Design engineering 
(R&D/Design) 40,000* hours 

P rocess engineering 
(R&D/Design) 45,000* hour s 

Total prevention costs 

Appraisal coj1S 

Inspection (Manufacturing) 240,ooot hours 

Total appraisal costs 

Internal failure costs 

Rework (Manufact1.ui 11g) 2,soo·t copiers 
reworked 

Tomi internal foiJure cosrs 

Erten1al failure costs 

Cnsromer support 3.000§ copiers 
(Marketing) repaired 

Transportation costs 3,000 copiers 
(Distributio n) repaired 

Warranty repair 3,000 copiers 
(Customer 'iervice) repaired 

TotaJ external failure costs 

Total costs of quality 

PANEL 8 : O PPORTUNITY COST ANALYSIS 

Costs of Quality 
Category 

(I ) 

/li·ren10/ f11i/11 re corts 

E!>ti mateJ rorgone 
contribuLion margin 
and income on lost sales 

·nna l costs of t1uali ty 

•Based o n special .. 1ud1e~. 
t 12 hours per t OJ)ICr x 20,000 copier;. 

Q uantity of 
Lost Sales 

(2) 

2 ,00011 

copiers 

Rate 
(Number Assumed) 

(3) 

$80 per hour 

$60 per hour 

$40 per hour 

$4,000 per copier 
reworked 

$2 00 per copier 
repaired 

$240 per copier 
repaired 

$4,400 per copier 
repaired 

Contribution 
Margin 

per C opier 
(Number 
Assumed) 

(3) 

$6,000 

f J 2.5% o f 20,000 copier; manufo1;nircd rct1111rcd rewo rk. 

15% of 20 ,000 copi<T., manufa ctured requ ired wa rran ry rcr nir service. 
11Esti matcd by Plio1on\ Mark1:1 Rcsc~rc:h Dcp:irtmcnt. 

Total 
Costs 

(4) = (2) x (3) 

$ 3,200,000 

2,700!000 

5,900,000 

9,600,000 

9,600,000 

10,000,000 

10,000,000 

600.000 

720,000 

13,200,000 

14!5 20!000 

$40,020,000 

Total 
Estimated 

Contribution 
Margin 

Lose 
(4) = (2) x (3) 

$J 2,000,000 

$ 12,000,000 

Step 5: Obtain the rfotal Costs of Qualit} b} Adding the Co .. t-; of all Qu.1lit -
J~elatcd Acti i i s fo Ph < '11 i1 ... I c·I ; i ·_1· I ''1 i l · 

r·u1u.tion• F.xhibit 19- 2, P~1nc l /\, show<> Pho ton 's total costs of qualit·y reported on 

the COQ report lor photocopying n1achin e~ ;'I t $40.02 1ni ll ion, or which the largest 
categor ies arc $ 14.52 n1illion in tota l cxtern :i l foi lurc costs and $ 10 111i ll io n in total 

Percentage 
of Sales 

(5) = (4) ~ $300,000,000 

1.07% 

0.90 

1.97 

3.20 

3.20 

3.33 

3.33 

0.20 

0.24 

4.40 

4.84 
13.34% 

Percentage 
of Sales 

(5) = (4) .;­
$300,000,000 

4.00% 

4.00% 

COST MANAGEMENT 
QUALITY. TIME. ANO THE 

THEORY or CONSTRAINTS 685 
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internal failure co'>ts- a c;un1 of $2-1-.52 niillion. Tcnal reported costs of quality are pr 
13 .341

}(', of cu1TcnL sales. 11 

Do not assu111e, however, that costs reported on COQ reports represent the P 
total costs of quality for a con1pany. COQ reports typically exclude opportunity 
costs, such~ forgone contribution margins and incon1e fron1 lost sales, lost produc-
tion, or lower prices, that result from poor quality. Why? Because opportunity costs 
are <lifficult to estin1ate md generally not recorded in accounting systems. Neverthe-
less, opporrunity CO'its can he substantiaJ and important driving forces i_a qualiry­
improvemenrprogTams. Exhibit 19-2, Panel B, presents the analysis of the opportu-
nity costs of poor quality at Photon. Photon Corporation's Market Research 
Deparunent estimates lost sales of 2 ,000 photocopy1ng machines because of external 
failures. The forgone contribution and operating income of $12 inillion 1ueasures 
the financial costs from dissatisfied customers who have returned machines to Pho-
ton an<l from saJes lost because of quality prohlems. Total costs of quality (including 
opportunity costs) equal $52.02 million (Panel A, $.+0.02 million+ Panel B, $12 mil-
lion), or 17 .34% or current sa les. Opportunity costs account for 23 % ($12 million 7 

$52.0~ 111illion) of Photon's total costs of quality. 
The CC)Q report and the opportunity cost analysis high light Photon 's high in ­

ternal and external failure costs. To reduce costs of quality, Photon niust identify and 
reduce failw·es caused by quality problen1s. 

METHODS US ED TO IDENTIFY QlJALITY PROBLEMS 
Control Charts 

OBJEC 'rIVE 2 

Describe three methoc.b 
that. companies use to 
identify quality problems 

Statistic;:iJ quality control (SQC) or statistical process control (SPC) is a formal 
means of <listinguishing berween randon1 variation and nonrandorn variation in an 
operating process. 1\ key tool in SQC is a control chart. t\ control chart is a graph of 
a series of succes.,ive obsen ·ations of a particular step, procedure, or operation taken 
at regular intenrals of ti1ne. Each observation is ploned relative to specified ranges 
that represent the expected distribution. ()n]y those observations outside the speci­
fied limits <ire ordinarily regarded as nonr;1ndo1n aJ1d 'vorth investigating. 

EXHIBIT 19-3 

E:xhihit 19-3 presents control charts for the <laily defect rates observed at Pho­
ton's three production lines. l)efect rates in the prior 60 days for each plant were as­
su1ned to provide a good basis fro111 which to calcula te the distribution of daily J efect 
rates. The arilhinetic 1nean (µ, reatl n1u) anti standard deviation (cr, read sigma) are 
the tvvo para1netcrs of the distribution that are used in the control charts in £xhjbit 
19-3. On the basis of expe1ience, the co111pany decides that any observation outside 
theµ+ la range should be investigated. 

For production line A in Exhibit 19-3, <111 observa tions are \Vi thin the range of 
+?cr fron1 the mean. Managcn1cnt, then, believes no investigation is necessary. For 

Statistical Quality-Control Charts: Daily Defect Rate at the Photon Corporation 
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production line B, the la t n''O observations signal thar an out-of-control occu rrence 
is highly likely. Given the +20 rule, both ob en•ations \Vou ld lead to an inve!>tigation. 
P roduction li11e C illu trate a process that \vould not pro1npt an invc tigation under 
the +70 rule but may \vell be out of contt·ol. Note that the la t eight ob ervations 
sho"v a clear direction and that the direction by day 5 (the tn ird po in t in the last 
eight) is a\Yay fron1 the mean. Statistical procedru·e ha,·e been deYeloped u ing the 
trend a 'vell a the level of the variable in question to eYaluate " ·hether a process is 
out of control. 

Pareto Diagrams 

Observations outside control limits sen 'e as inputs to Pareto dit1grn111s. A Pareto clia­
gram indicates ho'v frequently each type of failure (defect) occur . J.: xhibir 19--t pre­
sents a Pareto diagran1 for Photon's quality problern . Fuzzy :::tJ1<l w1clear copies are 
the 1nost frequently recurring problem. 

T he fuzzy copy problem results in rugh re,.vork costs because, in 111any cases, 
Photon discovers the fuzzy in1age problem only after tl1e copjer h.as been built. 
Somerin1es fuzzy images occur at customer sites, resul ting in high wa 1i-anty and re­
pair cost . 

Cause-and-Effect Diagrams 

The most frequentlr occurring problems identified by the Pareto diagrain are ana­
lyzed using tflllje-111ul -effea cliagra111s. _!\ cause-and-effect diagnun idt::nti fies poten­
tial causes of failure or <lefect . As a first step, PhoEon analyzes the cau es of the 
most frequently occurring failure, fuzzy and unclear copies. Exhibit 19-5 presents 
the cause-and-effect diagran1 for this problem. The exrubit identifie four major cat­
egories of potential causes of failure-human factor , 1nethods and de ign factor , 
machine-related factors, and material!> and components factor . t\s a<l<litionaJ arrO\YS 
are added fo r each cause, the general appearance of the diagran1 begins ro rcs_en1ble a 
fish bone (hence, ca use-and-effect Jiagra rns are also ca lled jishbone d111gr.1111s). ~ 

5iVTa.nagcrs in 'U.S. c ll:c1ronics con1panies consider the following factor~ (rankcJ i n order of i1n­
porta nce with I = most important) as conrributli1g to u11prove1ncnts in quality: 

J • .Better product design 
2. Improved process Jesign 
3. lmproveJ training of operalors 
4. lmprovcd pn)tlucu. from supplier~ 
5. Investmenu. in tethnoloro and equipment 

See G. Fo)tcr anJ L. j11blon1. "Sunc\ of Qualfri; Practice!> in the L .S. I· h:ttromt'> lndu-.try.'" 
\ Vork.tng Paper, Stanford LTnivcrsil:) . i 993 . · · 

EXHIBIT 19-4 
Pareto Diagram for the Photon Corporation 

Fuuy 
and 

unclear 

" copies 
Q) 

700 > .... 
Q) 
en 
.0 600 0 -(..) 

500 Q) -Q) 

0 
en 400 
Q) 

E 
i= 300 
..... 
0 .... 200 Q) 

.0 
E 100 :J 
z 

Copies are 
too light 

or too 
dark 

Paper 
gets Copies 

jammed are not 
square 

on 
page 

Type of Defect 

Toner is 
smudged 
on page 

Paper 
not 

feeding 
properly 

COST MANAGEME"JT 
QUALITY, TIME. ANO THE 

687 THEORY OF CONSTRAINTS 



TERADATA, Ex. 1013, p. 721

EXHIBIT 19-5 
Cause-and-Effect Diagram for Fuuy and Unclear Copies at the Photon Corporation 

Human Factors 

Poor training Flawed 
part des4gn 

M ethods and 
Design Factors 

New operator ____ _,.. 
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RELEVANT COSTS AND BENEFITS OF Q1JAL1TY lMrROVEMENT 

OBJECTIVE 3 

ldencify the relevant cosc; 
and benefits of qualit} 
1111provernenll> 

688 I CHAPTER 19 

Careful analysis of the cause-and-effect diagram reYeals that the steel fran1e (or chas­
sis) <Jf the copier is often mishm1dled as it traYels from the suppliers' "''arehouses to 
Photon's pla11t. The fran1e must c;ati<>fy Yery precise specification s and tolerances; 
other\\'ise, various copier cornponents (such as drums, rnirrors, and lenses) attached 
to the fran1e ,viLJ be in1properl~ aligned . .lvlishandling causes the din1ensions of the 
frame to \'a.ry fron1 specifications, resulting in fuzzy images. 

Suppose the teanJ of engineers \\·orking to solve the fuzzy image problen1 offers 
l:\ro alten1atiYe solutions: (1) to in1prove the inspection of the frame imn1ediately 
upon cle)j>ery, or (2) to reJesig11 and ~trengthen the frame an<l the containers used to 
a·ansport the1n to better \Vithsrand mishandling du.ring transportation. 

She uld Photon inspect incon1ing frames more carefully or redesign them and 
their coPtainers? E~hibit 19-6 sho\\'S the costs and benebts of each choice. Manage­
rnent e"rin1ates that additional inspection \viJI cost $..J.00,000 ($40 per hour x I 0,000 
hours). ReJe:.,ign ''ill cost an additiona l $460,000 (design engineering, $80 per 
hour x 2,000 hours; process engineering. $60 per hour x 5,000 hours). -rhe potential 
benefits of incurring the~e costs are lo\\ er internal ~1nJ external failure costs. The key 
que<;cion here is, Y\lhat are the relevant cost c;;avings and other relevant benefits? 
Photon considers only a 1 -~;car tin1t~ hurizon for anaJ:~L.ing this decision because 
Photnn rlans to introduce a con1pletel ~ nc\\ line of copiers at the end of the yea r. 
Photon believes that eYC'n as it imprO\'es quality, it \\'ill not be able to :rnve onr of the 
fixed costs oCinternaJ :ind external failure. rro identify the re levant cost savings, Pho­
ton di\·ide" each C<1tegnry nf failure co!'>ts into its fixed and variable cornponenrs. 

Consider firc,,t the internal fai lure coc,t<; of re\\ ork. Fi,xecl anJ va riable costs for 
each re\ro1·ked copier arc 

\ ,lrl;J(1le l'O'>l'> (ineJuding direct tnalen:Jh, WrCll fC\,\llfk J.1hor. and c;uprlie5) 

\Jl,1e:lled h\t:d t:n'>t'- (equipment, space. and alloc;ued O\ erhead) 

' Jut al co<;ts (Cxhrbn ( lJ-2, Panel _\ , coluull1 3) 

s I ,600 

2,400 

s+.ooo 

lf Photon chooses to inspect tl1e frame 111ore carefully. it expects to elin1 inare 
re\\ 11rk on r.oo c1>piers and save' ari.1l>le costs nr $960,000 ($1,600 x 600) 111 re" ·ork. 
See E\h1liir 1 lJ-6, colun1n 1. Phntnn believes thnt tixcd rework costs \\"ill be unaf­
fec1ed. I( Photon choo'>e!'> the reue~ign altern:1li>e, it e~pect:-. to elin1i.nJte rev. ork on 
HOO copic:r-., '>:n·1ng $I ,.280,000 ($ L,600 x l'lOO). See Exhibit I 9-6, colu rnn 2. 

e 
E 

11 
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EXHIBIT 19-6 
Estimated Effect of Quality-Improvement Actions on Costs of Quality 
for the Photon Corporation 

Incremental Costs and Benefits of 

D escription 

Costs of QuaFt) Irons 

:\dditiooal design engineering costs 

$80 x 2,000 hours 

Additional process engineering costs 

$60 x 5 ,000 hours 

Additional inspection and testing costs 

S-W x 10,000 hours 

Sanngs in rework costs 

Sl.600 x 600 fewer copiers reworked 

Sl.600 x 800 fewer copiers reworked 

Sanngs in customer-support costs 

$80 x 500 fewer copiers repaired 

$80 x 700 fewer copiers repaired 

Sa\'ings in tr~porration costs for repair parts 

$180 x 500 fewer copiers repaired 

$180 x -oo fewer copiers repaired 

Sanngs in warranty repair co ts 

Sl.800 x 500 fewer copiers repaired 

Sl,800 x 700 fewer copiers repaired 

Opportunity Costs 

Contribution margin from increased sales 

$6,000 x 250 additional copiers sold 

$6,000 x 300 addicionaJ copiers sold 

.Vet cost saz.•ings and nddihonal 
contributron 111arg111 

Difference rn foc:or of redes1g111ng fra111e 

Further 
Inspecting 

Incoming Frame 
(1) 

s 400.000 

(960.000) 

(40.000) 

(90,000) 

(900.000) 

( 1.500,000) 

5(3 ,090,000) 

t 

Redesigning 
Fram e 

(2) 

s 160,000 

300,000 

(1.2 0,000) 

(56,000) 

(126.000) 

( 1,160.000) 

( 1. 00,000) 

$( 4.061.000) 

t 

Next consider external failure costs. Photon curren tly repairs 3,000 copiers at 
customer sites. 1I incorn1ng fran1e are in~pected more carefull~ P hoton e-,nm,ne-. 
thar 500 fe\\er copier \n il requ ire \varranty repair .1nd that it \\iU be able ro c;,ell 250 
additional copiers. If the frame is redesigned, P hoton estimates that -oo fe\\ er 
copier ,,·iU require \\a rran t)- repair and that It ' 'ill be able to sc:U 300 addicional 
copier<;. 

\ 'an able and fixed CO<;tc;, per copier repaired of indi\ 1dual external failure. C ()(] 
i tem~ described in Exhibi t 19-2 (Pan el --\ colurnn 4) <lrc a<, fo llo\\s: 

\'ariable Cosrs 1· ixed Costs ~r otal Coio t -; 

Cu~rc 1mer-:.upport co~ts s 80 120 ~ 200 

·rran .. portation coc;~ ISO f10 240 

\ \'.irr.1nty repair co~L'i 1.800 2 .<100 4,4110 

\_., Photon e liminate-, repai r '' ork on toriers, it CXfH.:cts to save only the \'ari­
a hie cos t'i of cu~tomtr support , transportation. an<l \\·arrant} rep:iir. 

COST MANAGEMENT 
OUAUTY. TIME, ANO THE 
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Crysel Wins Premio Nacional de 
Calidad-Mexico's Premier Quality Award 

Crysel, a member of the Mexican industrial group CYDSA (Celulosa y Derivados Society 
Anon1mos), is the largest producer of a'crylic fiber in Latin America and among the top-ten 
producers of acrylic fiber in the world. In 1991 , Cryse l was awarded the Premio Nacional 

de Ca lid ad, Mexico's equivalent of the Malcolm Baldrige quality award. 
One element of the Premio Nacional de Ca lida d's evaluation criteria 

1s a company's costs of quality reporting. Companies vary as to which 
items they include in their COQ reports, choosing those cost categories 
that management feels warrant the greatest emphasis. Crysel classifies 
its costs of failure into six main classes: 

1. Consumption factors- excess or wasted direct materials. steam, or 
energy. 

2. Maintenance-costs of repairing machines that break down. 

3. Human resources-costs of extra workers and staff, such as a re­
work crew employed to correct quality problems. 

4. Accounts receivable-finance costs of not receiving money from 
customers on time. 

5. Substandard quality-contribution margin lost from selling inferior­
grade rather than top-grade fiber. 

6. Sales volume-contribution margin lost from selling less than the available plant ca­
pacity because of quality problems. 

The first three classes appear in the COG reports that most companies prepare. Cry­
sel's innovation in quailty reporting 1s to include the lastthree classes: accounts receiv­
able, substandard quality, and sales vo lume. Each of these three classes measures an op­
portunity cost of poor quality, a cost not generally found in COG reports. The following 
table indicates that these opportunity costs are a significant percentage of Crysel's total 
costs of failure. Including them in the COO reports signals to all employees that top man­
agement believes these classes deserve close attention. 

Costs of Quality as a Percentage of Sales 

1985 1989 1992 

Items Generally Recorded in COO Reports 
Consumption factors 3.8% 4.1% 2.6% 

-
Maintenance 0.8 0.9 0.8 

-
Human resources 0.6 0.5 0.4 -
Total 5.2% 5.5% 3.8% - -
Opportunity Cost Items Generally Not Rerorded in COO Reports 
Accounts receivable 3.7% 0.9% 0.5°~ 

-
Substandard qualrty 1.0 0.4 0.8 

-
Sales volume 8.5 2.4 1.6 - --
Total 13.2 3.7 2.9 

Total costs of qualrty as a percenrage of sales 18.4% 9.2% 6.7% 
- - -

An important component of the Premio Nacion al de Calidad is a company's safety 
record Crysel's safety index. measured by the number of accidents per million labor-hours, 
declined from 6.3 in 1986 to 3.0 in 1992. Crysel eliminated accidents by redesigning ma­
chines training operators in safety practices, and implementing safe operating procedures. 

Source Based on a presentanon by Raul Gil Ouroo, Director General of Crysel. and d1scuss1ons with company 
management. 

I 



TERADATA, Ex. 1013, p. 724

Note that the savings per copier in rework costs, customer-support costs, 
transportation costs, and warranty repair costs in Exhibit 19-6 differ from the costs 
per copier for each of these items in Exhibit 19-2. Why? Because Exhibit 19-6 shows 
only the variable costs that Photon expects to save. Exhibit 19-2 shows the total 
(fixed and variable) costs of each of these items. Also note that Exhibit 19-6 includes 
the incren1entaJ contribution n1argin from the estimated increases in sa les clue to the 
improved quality and perfonnance of Photon's copiers. 

Photon's manage1nent chooses to redesign the frame since Exhibit 19-6 inc:L­
cates that the net estimated cost savings are $97 2 ,000 greater under this alternative. 
The costs of a poorly designed frame appear in the form of higher manufacturing, 
marketing, diso·jbution, and customer-service costs, as internal and external failures 
begin to mount. But these costs are locked in when the frame is designed. Thus, it js 
not surprising that redesign will yjeld significant savings. 

In the PhuLuu exa111ple, lost conLribution n1argin occurs because Photon's re­
peated extern al fajlures damage jrs reputation for quality, resulting in lost sales. Lost 
contribution n1a.rgin can also occw· as a result of internal failures. Suppose Photon's 
manufactl1ring capacity js fully used. In this case, rework uses up valuable manufac­
turing capacity and causes the company to forgo contribution 111argin from produc­
ing and selling additional copiers. Suppose Photon could produce (and subse­
quently) sell an additional 600 copiers by improv.u1g quality and reducing rework. 
T he costs of internal fajlure would then include lost contribution margin of 
$3,600,000 ($6,000 conn·ibution margin per copier x 600 copiers). This $3,600,000 
is the opporrunity cost of poor quality. 

Photon can use its COQ report to examine interdependencies across the four. 
categories of quality-related costs. b1 our exao1ple, redesigning the frame increases 
costs of prevention activities (design and process engineering), decreases costs of in­
ternal failure (rework), and decreases costs of external failure (warranty repairs) . 
Costs of quality give n1 ore insight when managers compare trends over titne. (See 
Concepts .in Action, p. 690). In successful quality programs, the costs of quality as a 
percentage of sales and the costs of internal anci exten1al failure as a percentage of 
total costs of quality should decrease over time. Many companies, for exa1nple, Dig­
ital Equipmenr Corporation, Soleco·on, and Toyota, believe they should ellininac:e 
all failure costs and have zero defects. 

QlJALITY AND CUSTOMER-SATlSFACTION MEASURES 
Even if products and services are defect-free and fully satisfy confonnance quality, 
they will not be effective or sell we ll unless they also have design quality- that is, un­
less t hey satisfy customer needs. Yet th ere is n1ore to customer satisfaction than just 
design quality. Motorola describes its program of total customer satisfaction as 

+ Giving the custon1 er product- performance features that are perceived by the 
customer as providing fa ir va lue. 

+ Delivering the product when promised . 

+ Delivering the product with no de fects. 

+ Ensw"'ing that the product \.vi ii not experience e.1rly failure. 

+ E nsu1-ing that the product wi ll not fail excessive ly in service. 

To evaluate how well they ~re doing, Motorola ;1 nd other con1panies tr::ick 
customer-satisfaction trends over tirnc. Custon1e r sansfaction is difficult to n1easure 
precisely, but co111panies can choose a111ong n1any indicators in Lheir search for 
answers. 

Financial Measures of Custome1· Satisfactio11. 

C:osts of external failures-such as warranty repair costc;, liability clain1s, forgone 
conttibotion inargin on lost sa les, and lower prices for products '>old-are all finan­
cial indicators or poor CL1SC:01ner satisfaction. But financial 111easures do not indicJLI:! 
the specific areas d1at need in1provcn1enl, nor do they reveal the ruture needs and 

COST MANAGEMENT 
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PrO\'Hk cxa1nples of non­
financi·• I 1uality mea.~ures 
o f (;t.s!omer sm:isfaction 
and Ulternal pcrfonn:mce 

preferences of customers. For these reasons, most companies also use nonfinancial 
measures. Cost anJ n1anagement accountants are often responsible for n1aintaining 
and presenting these nonfinancial measures. 

NonfinanciaJ Measures of Custo1ner Satisfaction 

Nonfinancial rneasures o f custo1ner satisfaction include 

The nun1ber of defective unhs shipped to custo1ners as a percentage of total 
units or pro<lucrs shipped 

+ The nua1ber of custon1er complaints (Companies estimate tha t for every cus­
tomer who actually complains, there are 10-20 others who have had bad expe­
riences wid1 the product hut have not co111plaincd.) 

• Excessive custon1er-response ti1ne (the difference between scheduled delivery 
date and date requested by the customer) 

• On-time delivery (percentage of sh ipments .111ade on or before the scheduled 
deJjvery date) 

Federal Express b·acks sin1iJar measures for custo1ner satisfaction in its overnight de­
li very business. i\t1anagen1ent steps in and investigates if these nun1 bers deteriorate 
over tin1e. 

ln addition to these routine nonfinancial nieasures, rnany companies such as 
Xerox conduct surveys to measure customer s:itisfaction . Surveys serve Gvo objec­
tives. First, they provide a deeper perspective into customer experiences and prefer­
ences. Second, they provide a glin1psc into features that custon1ers would like furure 
products to have. 

QlJALIT'( AND INTFRNAL PFRFORMANCE 1'11FASLJRfS 
Prevention costs, appraisal costs, and internal failu re costs are examples of financial 
1neasures of quality performance inside the co1npany. Most coTnpanies n1oni tor both 
financja] and nonfinancial n1easure~ of internal quality. 

\¥ hat nonhnancial measu res might a business use? Analog Devices, a se1njcon-
ductor manufacturer, fo llows trends in t11 ese gauges of qual ity: 

• The numher of defects for each product line 

• P rocess yield (ratio of good output to total ou tput) 

• Manufacturing lead ti1ne (me tin1e taken to convert direct n1ateria ls into fin­
ished output) 

• En1ployee turnover (ratio of the nun1ber of en1ployces who left the con1pany to 
the total number of employees) 

By t11en1selves, nonfinancial measures of quality have limired meaning. They are 
inure infor111ative when management examines trends over time. To prepare th.is re­
port, the managem ent accountant 1nust rev iew the nu111bers to ensure that n onfi.nan­
cial n1easures ;:ire calculated accurately and consistently, and rnust then present the 
information to help managen1 ent eva)u ;.1 te inten1al quality performance. Manage­
ment accoun ta nt~ help companies in1pruve quality in n1ultiple ways-they compute 
the costs of qu:o1Lity, assist in developing cost-effective solutions to quality problems, 
anJ provide feedback about qu<llity improvement. 

E \ \ l l J 1\ TI NG ( li J A 1 I rv r F- R F ( ) RM f\ N ( ' I 

UnderstanJ wh) compa­
nie!. use both financial 
and nonfinanc1al mea­
sures or quality 

Measuring the financial costs of quality and the nonfinancia l aspects of quality have 
<listinctly JitTerent advantages. 

Advantages of the Costs of Q uali ty (CO Q) .i\lleasures 
1. (~()Q focuses ;.Htention on how costly poor qua lity can be. 

2. Financial COQ n1easures are a useful \vay or comparing different quaLity­
i111provcn1enL prog-ran1s and setting priorities fo r achic,-ing n1ax.imum cost re­
duction. 
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CJa! 3. Financial COQ measures serve as a conunon denonlina tor for evaluating 
mg trade-offs an1ong prevention and failure costs. COQ provides a single, smn­

mary measure of quality performance. 

11 

Advantages of Non:financial Measures of Quality 

1. NonfinanciaJ 1neasures of quality are often easy to quantify and easy to under­
stand. 

2. Nonfinancial measures direct attention to physical processes and hence focus 
attention on the precise problem areas that need improvement. 

3. Nonf.nancial measures pr.ov1de immediate short-run feedback on vvhether 
quality improven1ent efforts have, in fact, succeeded in improving quality. 

T he advantages cited for COQ are disadvantages of nonfinancial measures, and vice 
versa. Most organizations use both financial and non·financial quality measures to 
measure quaLlty perfonnance. 

Management accountants at son1e companies (for exa1nple, Analog Devices, 
Milliken, and Octel) present bothlinancial and nonfinancial measures of quality per­
forn1ance in a single report, sometimes called a balanced scorecnrd.6 The balanced 
scorecard helps top management evaluate whether lower-JeveJ managers have iin­
proved one area at the expense of others. For example, a manager at risk of not meet­
jng operating incorn.e goals n1ay start to ship hjgh-margin products and delay 
deliveries of low-m.argin products. The balanced scorecard will recognize the in1-
provement in financial performance but will also reveal that operating incon1e tar­
gets were achieved by sacrificing on-rune performance. Moreover, corporation s 
often use multiple measures of quality in managers' bonus plans. For example, Mo­
torola expLicitly ties emp.l oyee bonuses to in1provements in customer satisfaction, 
yield, and cycle time. 

TIME AS A COMPETITIVE WEAPON 
Companies increasingly view time as a key variable in con1petition.7 Do.ing things 
faster helps to increase revenues and decrease costs. For example, a rnov:ll1g company 
such as United Van Lines will be able to generate more revenues if it can move 
goods from one place to another faster and on time. Companies such as AT&T and 
Texas Instruments also report lower costs from their emphasis on tin1e. They cite, 
for example, the need to carry less inventory because of their ability to respond 
rapidly to custo1ner demands. 

IJ1 this chapter, we focus on operational rneasures of tirne, which reveal how 
quickly con1panies respond to customers' den1ands for their products and services 
and the reljabibty with which these comparues meet scheduled delivery dates. An­
other important aspect of tin1e is new product develop111ent ti111e and the fi.nanc:iaJ suc­
cess a co1npany derives from bringing new products to market quickly. We discuss 
capital budgeting for new products and bret1kever1 tirne, the time .it takes to recover 
investments in new products, in Chapter 22. 

l)PfllATIC.)NAl fV\l=A\lJH.ES OF TIME 
Companies need to 1neasure tin1e in order to manage iL properly. Two cominon op­
erational n1easu res of tirne are customer- response tin1e and o n-ti rn e performance. 

Customer-Response Ti me 

Customer-response time is the a1nount of tirr1e from when a customer p.laces an 
order for a product or requests a service to when the product or service 1s delivered 
to the custo1ner. A ti1nely response to custo1ner requests is a key competitive factor 

6Scc R. Kaplan and D. Norton, "Using the Balanced Scorecard as a Strategic Management Sys­
tem," f-iaru11rd l3usn1css Review Qan.- Fcb. 1996). 
7See G. SrnJk and T. Hout, Co11tpaing Ap,ai11s11'rme (New York: Free Press, 1990). 

I tn:11«Mr111 .. 

Describe customer- re­
sponse time, and explain 
the reasons for and the 
cost of Jjnes and delays 
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Customer 
olaces order 
for pr oduct. 

-

-

694 CHAPTER 19 

in n1any indusu,cs. Consjder a manu facturer of c uston1 maclunc tools such as 
Yarnazaki ~1lazak. Yamazaki's custon1ers value faster delivery because it enables tben1 
to produce llnd o.;ell products made using the new machine cools sooner. Customer­
rcsponse urne is critical in many o ther industri es, especially service industri es such as 
hankinl!, car-rental, and fast-food . .... 

Order 
Receipt 
Time 

The following diagr am describes co1nponents of customer- response time . 

Order 
ready for 

setup. 

• 
)lo --

Order 

Order 
is set up. 

• 

Order manufactured; 
product becomes 

finished good. 

Order 
Waiting - : Manufacturing -. 

Time Time 
Order Order 

Manufacturing - • Delivery 
Lead Time Time 

Customer-Res onse Time p 

Order 
delivered to 

mer. custo 

• 
-

In the Y<llnazaki M azak exainple, orJ.er rea?ipt ti1ne is the tirne it takes Mazak's 
.i\<larkering D epartment to describe the cu stom er 's exact specifications and to place 
an orde r\.\ ith 1nanufacturi11g. Manufacturing lead (or cycle) time is the tin1e when 
the o rder is ready to start on the production line (ready to he set up) to when it be­
con1es a fi nished gooc..l . 1'1anufacturing leac..I ti1ne includes waiting tin1e plus manufac­
turing ti 111c fo r the order. /-\n o rder for n1 achjne tools, in the Mazak example, may 
need to \vait and be delayed bec.:au~e the equ ipn1en t the o rder requires is busy pro­
cessing orders tha t arri ved earlier. Order rlt!ln:ery tin1e is the tin1e it rnkes distribu tion 
to pick up the o rder from manufacturing nn<l deliver it to the customer. 

Several ccnnpanies have adopted n1anufacturing lead tirne as 1.he hase fo r allo­
cating indirect 1nanufacruri ng costs lo products. 1, he Zyrec Corporatio n, a 1nanufac­
tu rer o f co111puter equipment, believes that usin g a1 anufacturing lead tin1e motivates 
111an:lgers to reduce the cirne taken to n1anufocture products. L1 turn , to tal overhead 
costs J ecrease and operating income rises. 

Effects of Uncertainty and Bottlenecks on Delays 

1-\ time driver i~ any fa cto r ·where change in the facto r cause<; a change in the speed 
·with ·which an acti vity is undertaken. v\lJ1at are Lhe driver~ of tin1e? We consider two 
o f the 1nost i111portant: ( I) U nccrtajnry abou t when custo1ners will o rder pro<lucrs o r 
services. Fo r example, the more randontly M az'1k receives or<lers for its n1achine 
tools, the 111 orc Uke ly Lhat 4ueue'i vvill fo rn1 ~nd <l elays will occur. (2) Lirn.ited capac­
ity and bottlenecks. A bottleneck is an operation \Vherc the \vork required to be per­
fonncd approaches or exceed!> Lhe avai lable capacity. Fo r e."Xa rnple, a bo ttlen eck is 
created when producrs th;1r need to be processed <l t a parti cular n1 achinc arrive while 
the 1nachi11e is bus} processing other products. The dcn1and for ti1ne on the 1na­
chinc exceeds avai lalile capacity, and delays occu r. 

T he n1anagement accoun tan t is frequen tl y ca ll ed uron to evaluate the pro f­
itabil it) of a ne\\ product gi\'en cap:icity con<>rraints (Chapter l l , p. 396-398). In 
sonic instan ces, intro<lucing a n e\v product causes delays in the J cLvef) o f all prod­
ucts. \1\ 'hen tin1e 1s a key di n1cn!>ion of co 111petitjveness, the n1 ;.1 nagen1ent accoun tant 
111ust recognize and consider the cost'> of delays when calculating the costs and bene­
fi ts of introducing a new product. Tc> ca lcu late t he cost!> of delays, the n1anagement 
accountant 111u-;t tirst understand the reasons fo r, and the 1nagni tude o f, the resulting 
de lay'>. \ Ve ill u'>trate these ideas using th e Falcon \ Yorks example. 

falcon \\ 'orks (F\tV) u-;e<; one n1rni ng machine to conve rt <> tee! ba r<> into o ne 
'>pccialty co1nponcnt. 1\11. F\\ ' n1:ikc., thi'> co111 ponen t on ly after F\ \ t's custo111ers 
o rde r the cornponenl. 1i> focu'> on 1nanufoctu ring lead r:in1 e, \VC assun1e that F\-\""s 
order receipt tin1e and order de livery time are rnin in1a l. 



TERADATA, Ex. 1013, p. 728

:r. 

F\!Vexpects it wi ll receive 30 orders, bur it cou]d actually receive 10, 20, or 50 
orders of Al 2. Each order is for 1,000 units. Each order will take 100 houTS of nlan­
ufacturing tin1e (8 hours of setup time to clean and prepar e the 111.achine, and 92 
hours of processing time). The annual capacity of the n1achine is 4,000 hotu·s. If FW 
receives the number of o rders it expects, the total an1ount o f n1anufacturing ti1ne re­
quired on the inachine will be 3,000 (100 x 30) hours, which is wi thin the available 
machine capacity of 4,000 hours. Even though expected capacity utiliza tion is not 
strained, qu.eues and delays will stilJ occur. \Vhy? Because uncertainty about when 
FV\T7s customers will place an order may cause the order to be received while the n1a­
chine is processing another order. 

In the single-product case, under certain assumptions about the pattern of cus­
tomer orders and how orders vvill be processed,8 the average waiting time, the av­
erage amount of time that an order '.vill wai t in line before it is set up and processed, 
eL1uab 

Average nun1ber ( Manufacturing )
2 

of orders of A21 x time for A2 2 

2 [ Annual machine _ ( Average number x lVlanufac ruring) ] 
x capacity of orders ofA22 time for A22 

_ 30 x (100)2 
_ 30 x 10,000 _ 300,000 = 300,000 = 150 hours 

1 x [4,000 - (30 x 100)) 2 x (-+,000- 3,000) 2 x 1,000 2,000 

T he denominator in this fonnula n1easw·es excess capacity or cushion. The 
smaller the cushion, the greater the delays. Manufacturing tin1e enters the numera­
tor i.n the forn1L1la as a squared term . The longer the manufacturing rime, the gTeater 
the chance that t he 1nachine will be busy when an order arrives, and the longer the 
delays. 

Our formula describes onJy tbe average waiting time. A particular order may 
happen to arrive "'rhen the machine is free, in which case manufacturing will start 
imn1ediateJy. In other situations, FW n1ay receive an order while two other orders 
are waiting to be processed. In this case, the delay will be longer than 150 how·s. The 
average manufacrming lead time for an order of A22 is 250 hours (150 hours of aver­
age waiting time + 100 hours of 1nanufacn1ri.ng ti1ne). T hroughout this section, we 
use 111anufacturing lead tiine to refer to manufacturing le<ld time for au order. 

F\tV is considering whether to intToduce a new product, C3 3. FW expects to 
receive ten orders of C3 3 (each order for 800 UJt its) iJ1 the coming year. Each order 
will take 50 hours of 1nanufacruring time (4 hours of setup cin1e and 46 hours of pro­
cessing ti1ne). The expected demand for A22 v.riJl be unaffected whether or not FW 
in o·od uces C3 3. 

The average waiting ti1n e before an order is set op and processed is given by the 
following fom1ula, which is an ex tension of the formuJa described earlier for the 
single-product case. 

[
Ave rage number x ( J\tlanu facturing) ~] [ Avl.!rage num lJer ( Manufacturing) ~] 
or orde rs of A22 Lim e fo r A22 + or nrder'> of C33 x L1 rne for C33 

., x [ Annua l machine - ( Average nu1 nbcr Nlanufacturing ) - ( Avcrage number i\llanufacturing)] 
- capacity of o rd ers of A22 x t i1ne for i\22 uf urderr- uf C33 x tin1c for C3 3 

_ pox (JOo):J + 110 x C50)2
J _no x 10,000) +( 1 0x1.~00) 

2 x 14.000 - (30 x I 00) - ( 1 () x 50)1 2 x (<.J.,000 - l,000 - 500) 

= 300,000 + 25,000 = 325,000 = 325 hour<; 
2 x 500 1,000 

1ntroducing C33 causes average w11iLi ng ti111c Lo n101·e 1.han double fronl 150 
hours to 325 hour~ . To un<lerstan<l why, think or excess capacity as a cusJuon for 

8The precise l cch n 1ca I ass um pti em s a re 1 ha l customer ordl: r'i for Lhc prc)d uct follow :1 Pq1-.son l lic;­

triuut1on with a mean equa l 10 Lhc cxpecLecl nt1mber or order'> (30 in 1he c:i'>c nf A22) and tb:it or­
ders are processed on a fir'it- in lirsl- Out (FIFO) basis. The Poisson arrival p:itrern for cu<;tomer 
orders has been fou nd ro be rea<;nrrnble rn many real-wo rld se•-tingc;. ·r he fiffo() assumption can he 
modified. · r hc l1asic queuing and deh1y effect.'. will still occw·, but the precise fur111 ulas will he di fferen t. 
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COSTS OF Tl J\\ E 

.\\erage 

ab.-.;urh1ng the shocks of Yariahility and uncertainty in the arrival of custorner orders. 
lnrroduc1ng C') CJUSCS e~CeS:.. Cap,1city to shrink. increasing the chance that at any 
pninr 111 tin1e. ne\\ orderc:; ,,rjLJ arriYe ":hjle existing orders are being manufactured. 

~\\ ·erage n1<.1nufacnmng lead t:i1nt: for A.22 is -+25 hours (325 hours of average 
\\'airing nn1e + 100 hours of manufacmring tio1e), and for C33 it is 375 hours (325 
hour" of ~nen:ige ,,·airing tin1e + 50 hours of manufacturing time). Note that C33 
;;pends 86.6- % (325 + 3-5) of its 01anufacruring lead tirne just " ·aiting for manufac-
turing to starr~ ' 

On-Time Performance 

On-time pe1formance refers to situation in \.d1ich the product or service is actu­
aflr deliYerecl ar the time it is scheduled to be delivered. Customer orders for prod­
ucts or sen-i.cec; generally specify quantity. co t, and delivery time. F or example, 
Federal Expre~s specifies a price per package and a ne:rt-day deli\'ery ti1ne for its 
o\·emight courier senrice. Deli\ ering package early the next day, say by 9 A.wt. rather 
than ] 0:30 \."., \Vould decrease customer-response cime. On-time performance, on 
the other hanJ, ineasures ho\\ often Federal Express meets its stared delivery time of 
10:30 A. 'I. There is a trade-off, howe1.rer, beN'een custo1ner-response time and 
on-time performance. Simpl} scheduLing longer customer-response times, say, deliv­
er~ by I P.\t. the next day. makes achie\·ing on-tin1e performance easier. 

On-time performance is an in1portant element of custon1er satisfaction because 
custon1ers ''ant <lnd e.x.-pect to receive things \.vhen they are supposed ro. An airline 
that gets passengers to their destination on time is likely to enjoy competitive advan­
tage. On-time perforn1ance in tl1e airline industry is becoming increasi11gly p ron1.i­
nenr. For exa1nple, on the basis of statistics maintained by the D epartment of Trans­
portation. Xorth\\ est A.irlines reported that it ,~·as rated the num ber one U.S. airline 
for on-time perforn1ance in Deccn1ber 199.f (8.f. 7% of its da.i ly flights arri•red v.rithin 
15 minutes of the scheduled time). 1\lanagernenr accountants track information on 
cu'ito1ner-response tin1e and on-ame perforn1ance because coa1panies use these 
1nea<.ures to eyaluate managers. 

Relevant Revenues and Relevant Costs 

~hould f\ , - in traduce product C3 3? ConsiJer the follov\ ing info1n1a tion: 

..\\·erage Selling Price per Order Inveoto.rr 
If Average i\la.uufacturing Lead Time D irect Carrying 

J\'la teriaJ Costs 
Number of Less than \.lore than Coses per per Order 

Product Orders 

\22 >o 
c ~ ~ I (I 
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300 Ii.ours 300 Hours Order per Ho ur 

~2 2 .!JOO s: 1.500 $ 16,000 Sl .oo 
J 0.000 <J.600 8,000 0.50 

Note th~1t mIBufi1cturing lead times affect both revenues and co ts in our ex-... 
• 11nple. ReYenue-. are affected bec;:iu-,e custo111ers are wil ling to par a '>lightly rugher 
price fnr fa'>tcr deliYe~·· Direcr n1utcrial'> cos~ and inrentorr carrying cosrs are the 
onh cost:, .rffectecl h\ the dec1-,1on co introduce C13. Inventon carrving costs usuallv . . . . ~ ~ 

con<>1<;t of the opportunity co'>ts of inve'>tnient ned up in inventory (see Chapter 11, 
p. _)()) - 39(1 ) anJ d1e relc\·ant co~L'> of ~rorage such a-, space renral. spoilage. dererio­
r.1uo11. and n1;:ite nal<.i h:indling. Companie<> ui;uall~ c;1lculate in\'en[ory can~ing costs 
on ,1 pt.:r order pt:r ~ear ha ... is. Tc> ~i111pli~ co1npurntiuns. \.\ e express in,·enro~· carry­
ing co-,r-, ()n .1 per order per hour h.1~1<;. F\\ 1ncuri; un·entory carrying costs For rhe 
durution nf the " ·ait ti111c and rnanufocn1nng tirne. 

E:\hd11t I Cl- -:- presenr-, rele\ ant reYenue-. nnd relevant co<;ts that the manage-
111ent ~1CCIJUJ1lJlll \\OulJ calculate:: for thi~ Jccision. fhe preferreJ aJrernati\·e is not 
to tnrroduce (.~~. "\"ote th<lt c:33 i'> rejected tle-.p1te h.n·1ng a positive contribution 
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~ EXHIBIT 19-7 
1v Determining Expected Relevant Revenues and Expected Relevant Costs for Falcon Works' 

f 

l 

I 

Decision to Introduce C33 

Alternative 2: 
AJternative l: Do Not 

Introduce C33 Introduce C33 Difference 
Relevant Items (1) (2) (3) = (1) - (2) 

E,xpected revenues $741,000* $660,0001 $81,000 

Expected variable costs 560,000t 480,000<l> 80,000 

Expected i:JVenrory can:ylng costs 14,625# 7,50011 7, 125 

Expected costs 574,625 487 ,500 87,125 

Expected revenues minus 
$172,500 $ (6,125) expected costs $166,375 

*($2 J ,500 x 30) + ($9,600 x 10) = $741,000; average manufacmring leaJ ti mes wi ll he more than 300 hours. 
t$22,000 x 30 = $660,000; average manufacturin g lead times will be less than 300 hours . 
*($16,000 x 30) + ( $8,000 x I 0) = $560,000. 
§$16,000 x 30 = $480,000. 
11(A22's average manufucruring lead cime x A22's unit carrying costs per order x A22's expected number of 
orders) + (C33 's average manufactu ring lead cin1e x C33's 1.Ullt carrying costs per o rder x C33's expected 
µ,umber of orders)= (425 x $1.00 x 30) + (375 x $0.50 x 10) = $11,750 + L,875 = $ 14,625. 
II A22's :werage manufacruring lead rune hours x A22's unit carrying costs per order x A22' expected number 
of orders= 250 x $1.00 x 30 = $7,500. 

margin of at least SI ,600 ($9,600 - $8,000) per order. Recall , too, tha t F\ \ f's machine 
has the capacity to process C3 3 because the machine \\: ill , on average, use onJy 3,500 
of the avajlable 4,000 hours. Why is C33 rejected? The key 1s to recogni-:.e the 11egative 
effects of C33 011 the existing product A.22. The follo\ving table presents the expected 
loss in revenues and expected increase in costs of using up extra capaci ty on the turn ­
ing machine to 111anufoctu re C33 . 

Product 

A22 

C33 
fota l 

Effect of [ncrcasing Average Manufacturing Lead T imes 

Expected Loss in 
Revenues for A22 

( I) 

$ I S',000* 

S l 5,000 

Expected I ncrease in 
Carrying Costs for All Products 

(2) 

c·-1.,­-~ ~ . -) 

•($22,000 S.? 1,500)" ~O e\pcncd order.=$ I ),000 
'H2) hour\ - .! )() hour') ><)I .00 x l(J C\pcucd or<lcl"\ = $5,! <;(), 
1(375 hour.. - 0),,. \{).)() x 10 c\pcctc<l ur<ltr..= · 1,875 

Expected Loss 
in Revenues plus 

Expected Increase 
in Costs of 

Introducing C33 
(3) = (1) + (2) 

s;,;o.,; ){) 
1 ~C'l 
' 

~22.1,;5 

l11trru/11C111g C'33 ra11se.1· the lf?'crnge nu11111flfrt11n11f!, lelftl 11111t• of. 122 to i11trease Jro111 
150hours 10 -1-25 hours. 'fhis increases invento r} carr}ing co<,h. Introducing C33 <11.,o 
cauo:;es A22\ reven11es to decrease because ll wnllld, on ;n1erage. t:1ke 1nnre than HJO .. 
hours to 1na nuf<lcturc A22. The expected costs of introducing ( ) ' eq11.1l $22,] 25, 
which cxccccls c:_r~ '<; cxpecrecJ conu·ibut1on 111arg111 "' £ 16,000 ($ 1,(>00 per order x 
10 expected orders) . FW .,hou Id choose not to produce C ~ L 

We have described :~ sin1ple .:;cui ng to explain the cfli.:cts o l unct.:rt:1in ty and ca­
pacity coni.., tr:.i ints ::i nd the relevant revenue~ and relevant co.,l"i of ti111e.'1 l low can de­
lay<; be reduced? Lncre;1sing Lht captl<.:ity or the bott leneck rt.:'.'>Oll l"CL' can reduce line"i, 
delays, and in v<.: ntori e.,, W hen Jt:mand uncertainty is high, .\01111 exec.,'.'> capacity j., 

desirable. ( :01np1l lll <.!'> l.'<111 incrca<,e Ctlp<lcil} in SC\·eral \.\':l}'S. ( )ne \-\<l}, for C\<llllple. j., 

'<Jthcr c:omplc\1Ues 'lllh ;1., an ah 1111µ n nclworl of ll1Jchinc.,, pnrn ll\ 'd1cdulin•~. and .11111\\ ing 
for unc.ena111ty 111 pr{l(,;cssmg 11mc'> are liLvond the: scr pc of rh1~ hook. 1 n thc'c c..1.,L.,, thL· li.1 .. ic.· 
queuing- Jnd dcL1} cffcc.·., pcrsl'>t, hut the predsc formula., arc d1ffcrLl1I. 
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to re<luce d1t' Lime requ ireJ for setups and processing by doing these activities more S 
cff1 ciently. Anod1er is to invest in nevv equipment. iVlany companies are investing in t1 

llexihlc rnanufacruring systems that ca11 be progran1111ecl to quickly switch from 
producing one product to producing another. D el;lys c~n also he reduced throu gh 
ca reful scheduling of orders on lnachines-for exan1ple, by batching slinilar jobs to­
gethe r for processing. 

• 
)R f l~l)NSTRAI NTS 1\N D TH ROUGl-1 PUT 
f f \. B l T I () ~ A NA L 'i' S l .S 

Define the three nuun 
n1easuren1ents in the 
theon· of constraints 

' 

OBJECTIVE 8 

Describe four steps in 
managing bottlenecks 

698 I CHAPTfR 19 

\\le DO\v expand the cliscussion of the previous section by considering products that 
are made from multiple parts and processed on different machines. \Nith rnuJtiple 
paTts and multip le rnachjnes, dependencies arise an1ong operations; some opeTations 
cannot be started until parts fron1 a previous oper:.ici on are available. So1ne opera­
tions are bottlenecks; o thers are no t. 

The theory of constraints (TOC) describes 1nethods to maximize operating 
income "''hen faced \;rith so.1ne bottleneck an d som e nonbotdeneck operations. LO It 
defines three measurements: 

1. T hrough put conrributio~ equal to sales r evenue a11nus direct inaterials 
costs. 

2. Investments (inventory), equaJ to the sum of rnater.ia.ls costs of direct materi­
als inventory, work-in-process inventory, and fullshed goods inventory; R&D 
costs; and costs of equipn1ent ancJ builclings. 

3. Operating costs, equal to all operating costs (other than direct materiaJs) in­
curred to earn throughput contribution . Ope rating costs include sa laries and 
wages, ren t, utilities, and depreciation. 

The objective of TOC is to in.crease throughput contributi.on while decreasing i11-
vestments and operating costs. The tberny of constraints considl''tI short-run ti1ne horizons 
11nd assu1nes other current operdting costs to be fLYct! rosts. The key steps in managing bo t­
tleneck resource are as fo llows: 

Step . Recognize t hat the bottleneck resource detern1ines d11·ougbput contribu­
tion of the plant as a whole. 

Step 2 Search and find the bottleneck resource by identi fy ing resources vvith large 
quantities of inventory waiting to be v.rorked on . 

Stt.p 3 J(eep the bottleneck operation busy anu subordillate all nonbo ttl eneck re­
sources to the bottleneck resource. That is, the neeus of the bottlen eck resource de­
tennine the production schedule of no n bottleneck resources. 

Step 3 represent a key notion described in Chapter 11: To n1axi mize overall 
contriburjon margiJ1, the plant rnust 1naximize contribution n1arg in (in thjs case, 
throughput contribution) of the constrainecJ or bottleneck resow·ce (see pp. 396-398). 
For this reason, step 3 suggests that the bottleneck n1nchine always be kept running, 
not wa iting for job~. To achieve this, con1panies often n1aintain a sn1all buffer inven­
tory of job!> waiting for the bottleneck 111 i1Chine. rrhe hortleneck n1achine Sets the 
pace for all non bottleneck 1nachines. That is, d1e ou tput at the nonbotclencck opera­
tion!> are tied or linked to di e need of the bottleneck niachine. For example, vvorkers 
:.1t nonhottleneck n1::ichines are no t motivated to improve th ei r productivity if the ad­
ditional output cannot be processed by the bottleneck 111achjne. Prod ucing niore 
nonhotdcncck output onJy crea tes exce inventory; it does not increase throughput 
contribution. 

10See E. Guluratt anu I. Cox. The Goal Iew York: ·North River Pres~. 1986); £ . Goldratt. Thi! 
Theory ufCu111"trr1int.1 (1- ew York: onh River Press. 1990); E. · oreen. D. Smith, an<lj. 1\1 ackey. 
Tl.11: Thron• o/Cnn.ura;111s and ifs ln1p/1mtw11.1.for ,1Jr117r1ga11L'nt .-lcrnu11ti11R (New York: North Ri' er 
Prei.s, l 995). 
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Step 4 Take actions to increase bottleneck effici ency and capacity-th~ objective is 
to increase throughput contribution minus the incremen tal costs of taking such ac­
tions. The management accoun tant plays a key role in step 4 by calculating through­
put conn·ibution, identifying relevant aod irrelevant costs, and doing a cost-benefit 
analysis of a.lternat ive actions to increase bottleneck effi ciency and capacity. 

W e illustrate step 4 using the exan1ple of Cardinal IndustTies (CI). CI nlanufac­
tures car doors in two operations- stanJping and pressing. Additional information is 
as follows: 

Capacity per hour 

Annual capacity (6,000 hours of capacity 
available in each of srarnping and pressing) 

Annual production 

Fixed operating costs (excluding 
direct rnaterials) 

Fixrd operating costs per UJllt produced 
($720,000 + 90,000; $1,080,000 + 90,000) 

Stamping 

20 units 

120,000 uni ts 

90,000 uni ts 

$720,000 

$8 per unit 

Pressing 

15 units 

90,000 units 

90,UUU u nits 

$1,080,000 

$12 per nnit 

Each door sells for $100 and has c:lirect materia1s costs of$40. Variable costs ill other 
functions of the value chain-R&D , design of products and processes, marketing, 
distribution, and customer service- are negligible. Cl's output is constrained by the 
capacity of 90,000 units at the pressing operation. vVh at can CI do to relieve the bot­
tleneck constraint at the pressing operation? 

a. Eli1ninate idle time (ti'fne when the press·ing nzachine is neither beiug set up to process 
products nor act:ually processing products) at the bottleneck ope1-ation. CI is consider­
ing permanently positioning two workers at the pressing operation. T heir sole 
responsibility would be to unload finished units as soon as one batch of units LS 
processed and to set up the n1achine to process the next batch. Suppose the an­
nual cost of this action is $48,000 and the effect of th.is action is to increase bot­
tleneck output by .l ,000 units p er year. Should CI incur the addjtiona l costs? 
Yes, because C.l's relevant throughput contribution increases by $60,000 [ l ,000 
units x (selling price,$ L 00 - direct materia ls costs, $40)] , which exceeds the ad­
ditional cost of $48,000. All other costs are irrelevant. 

b. Process only those parts or products thttt increase sales ({77c/ throughput contribution, not 
parts or proditltS that re1nain in finished goods or spare parts inventory. ,i\llanufactur­
ing products that s:it in i.nventory does not increase throughpur contribution. 

c. Shift products that do not have to be nzade on the bonleneck 1nrrchine lo nonbottleneck 
n1achines or to outside fndlities. Suppose the Spartan Corporation, an outside 
cont ractor, offers to press 1,500 doors at $15 per door fron1 cl1rect 1n a te r ials 

that CI supplies. Spartan 's quoted price is grea ter than Cl's own operating costs 
in the Pressing Department of $12 per door. Should CI accept the offer? Yes, 
because pressing is the bottleneck operation. Getting addi tiona l doors presseJ 
from outsi.de increases th roughput contribution by $90,0()0 [($ 100 - $40) x 
1,500 doors], while relevant costs increase by $22,500 ($15 x 1,500). l~he fact 
that Cl's uni t cost is less than Spartan\ quoted price is irrelevant. 

Suppose Gemini Industries, another outside contractor, offer<> to stan1p 
2,000 doors fron1 direct 111aterial.., that CI supplies at $6 per <loor. Ge1nini's 
price is lower than Cl's open1tin g cost o f $8 per door in the Sta1nping Depar t 
ment. Should CI accept the offer? Since other operat..ing costs are fixed costs, 
CT wi ll not save any costs by subcontracting the stai11ping operations. 1o ra! 
costs will be grea ter by $1 2,000 ($6 x 2,000) Lu1der the subconLTaccing altc:rna­
tive. Stan1ping more doors will no t increac:;c throughput contribu tion, which i-, 
constrained by pressing capacity. CT should not accept Gemini's offer. 

d. Reduce setup ti111e and processing tirnr: nt bottleneck oper11tio11s (for e:1.·rn11ple, by si111pli­
.fyiug the design or red·ucing the 11ur11ber of parts in the product). Suppose CT can re­
duce setup tin1c ar the pressing operation by incun-ing additiona l costs or 
$55,000 a year. Suppose furth er tha t reducing setup time enables Cl to press 
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C O' N C E P T S I N A C T'_LO ,NJ .j 

Throughput Accounting at Allied-Signal 
Skelmersdale, United Kingdom 

Allied-Signal in Skelmersdale, United Kingdom, manufactures turbochargers for the auto­
motive industry. In the late 1980s and e ~rly 1990s, the Skelmersdale plant was forced to 
change from producing few products in large quantities to producing many products in 

small quantities in a very competitive market. The plant also had to cope 
with frequent changes in its sales mix. The plant often missed delivery 
dates and incurred high transportation costs to ship via air those parts ur­
gently needed by its automot ive customers. John Darlington, the con­
troller of the Skelmersdale plant, recognized the important role finance 
and accounting could play in this environment, but "we were just not sup­
porting, communicating with, and complementing shop-floor manage­
ment-not until we began emphasizing throughput contributions." 

The format designed by the Allied-Signal accountants for the 
throughput contribution-based operating income statement is as follows: 

Throughput Operating Income Statement (in thousands) 

Sales revenues £50,000 

Direct materials costs 

Th roughput contribution 

Operating costs 

Direct manufacturing labor 

Engineering costs 

Other manufacturing costs 

Marketing costs 

Total operating costs 

Operating income 

£ 4,275 

1,767 

11,585 

1,873 

28,500 

2.1,500 

19,500 

£ 2,000 

The Skelmersdale management viewed operating costs. other than direct materials costs, 
as fixed in the short-run. The key to improving profitability was maximizing throughput 
contribution by identifying and optimizing the use of bottleneck resources. Management 
reduced the load on the bottleneck machines by shifting operations performed there onto 
other machines. New investments to improve efficiency at nonbottleneck machines were 
turned down because greater efficiency at nonbottleneck machines did nothing to im­
prove throughput contribution. Instead, Allied-Signal made additional investments to in­
crease bottleneck capacity. 

To motivate workers to improve throughput, Allied-Signal ma nagers designed new 
performance measures. Instead of measuring localized efficiency such as direct labor effi­
ciency at various operations, management introduced "adherence to schedule" as the key 
performance measure. Workers at non bottleneck operations were asked not to produce 
more than what was required according to the bottleneck schedule. In the surplus time 
available to these workers, they received train ing in TOM practices and in improving oper­
ator skills. The Skelmersdale plant also introduced four other performance measures­
costs of quality, customer due-date delivery, days inventory on hand, and manufacturing 
lead time- all with the objective of satisfying customers and maximizing throughput cont ri­
bution. Over a 4-year period, the Skelmersdale plant showed dramatic increases in each of 
these measures and in profitabi lity, cash flow, and return on investment. 

Source Adapted rrom J. Darlington, J. Innes, F. Milch ell. and J Woodward, #Throughput Accounting: The Gar­
ren Automotive Experience," Management Accounting (April 1992), P Coughlan and J Darlington, #As Fast as 
the Slowest Operation The Theory of Constraints," Management Accounting (June 1993); and discussions with 
Allied-Signal. Skelmersdale, management 



TERADATA, Ex. 1013, p. 734

2,500 more doors a year. Should CI incur the costs to r educe setup time? Yes, 
because du·oughput contri.butionincreases by $150,000 [($100 - $40) x 2,500], 
which exceeds the additional costs incur.Ted of $55,000. Will CI fi11d it vvo1th­
while to incur costs to reduce machining time at the stan1ping operation? No. 
Other operating costs will increase, but throughput contribution will remain 
unaffected. Tbrollghput contribution increases only by increasing- bottleneck 
output; increasing nonbottleneck output has no effect. 

e . l1nprove the quality of parts or productr n1nnufactured at the bottleneck ope1·fltio11. 
Poor qu~1Lity is often more costly at a bottleneck operation than it is at a non­
bottleneck operation. The cost of poor quality at a nonbottleneck operation is 
the cost of lnaterials wasted. H CI produces 1,000 defective doors at the sta1np­
ing operation, the cost of poor quality is $40,000 (direct materials cost per unit, 
$40 x 1,000 doors). No throughput contribution is forgone becallse stamping 
has excess capacity. Despite the defective production, stainping can produce 
and transfer 90,000 doors to the pressing operation. At a bottleneck operation, 
the cost of poor quality is the cost of materials wasted plus the opportunity cost 
of lost th roughput contribution. Bottleneck capacity not wasted in producing 
defective units could be used to generate additional saJes and throughput con­
tribution. If CI produces 1,000 defective units at the pressing operation, the 
cost of poor quality is $100,000: direct materials cost of $40,000 (direct n1ateri­
als cost per unit, $40 x 1,000 units) plus forgone throughput contribution of 
$60,000 (($100-$40) x 1,000 doors]. 

The high costs of poor quality at the bottleneck operation means that 
bottleneck tim.e should not be wasted processing units that are defective. That 
is, inspection should be done before processing parts at the bottleneck to en­
sure that only good-quauty units are transferred to the bottleneck operation. 
Also, quality-improvement programs shouJd focus on ensuring that bottlenecks 
produce minirnal defects. 

The theory of conso·aints emphasizes the 111anagement of bottlenecks as the 
key to improving the performance of the syste1n as a whole. It focuses on the short­
run maximization of throughput contribution-revenues minus materials costs. It is 
less useful for the long-run n1anagen1ent of costs because it does not 111ode l the be­
havior of costs or identify intUvidual activities an.c..l cost <lrivers. lnsLead, it regards op­
erating costs as given and fixed. 

PROBLEM FOR SELF-STUDY 

PROBLEM 
L et us revisit the Falcon Works (FVV) exan1ple. FW has convinced all its cus­
tomers to place orders for Al.2 in order sizes of 500 units. F\A,T expects to receive 
and manufacture 60 orders of A22. Each order wilJ take 5-t hours of 1nanufactur­
ing time (8 hours of setup time plus 46 how·s of processing time). Assu1ne the fol ­
lov.ring with respect to A22: t\verage selling price per order, ir average 111 ;1nufoc­
turing lead ti1n.e is less than 300 hours, is $11,000; average selling price per order, 
if average n1anufacturing lead time is greater t.han 300 hours, ii; $10,750; direct 
n1atedals costs per order are $8,000; and inventory canying costs per or<ler are 
$0.50 per order per hour. Assume the same data for C33 as in the charter ex;11nple 
(p. 695). Given this new information, FW is reconsidering whether iL should in­
a·oduce C33. What shollld FVl do? 

SOLUTION 
Average waiting ti1ne for A22 if C33 is not introduced (using the formula fron1 
p. 695) is 

60x(54)
2 

_ 60x2,916 = 174,960= 174,960= ll'lhours 
2 x l4,000 - (60 x 54)] 2 x (4,000- 3,240) 2 x 760 1,520 . 
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Average waiting tin1e for A22 jf C33 is introduced (using the formula from p. 695) 
lS 

L60 x (54)2
] + [10 x (50)2

] - (60 x 2,9 16) +(I 0 x 2,500) 
2 x [+,000 - (60 x 54)-(10 x 50)] - 2 x (+,000 - 3,2+0 - 500) 

• 
= 174,960+25,000 = 199,960 =385 h 

1x160 520 ours 

Average manufacturing lead rune for A22 = 385 + 5i+= 439 how·s 

Average manufacturing lead tini.e for C33 "' 385 ;- 50 = 435 h ollfs 

The foUowing table describes the e.xpected loss in reveno.es and expected in­
crease in costs froru inrroducing C33. 

Effect of Increasing Average Manufacturing Lead Times 

Expected Loss in 
R evenues for A22 

Expected Increase in Carrying 
Costs for All Products 

Product 

All 

C33 

Toral 

(1) 

$15,000* 

$15,000 

.. ($ 11,000 - $10,7 50) x 60 orders = $15 ,000. 
1(439 hours - 115 hours) x $0.50 x 60 orders= $9,72(). 
t(.+3' hours - O)x $0.'\0 x 10 orders : $2,175. 

(2) 

$ 9,720t 

1, 175t 

$ ] l,895 

Expected Loss 
in R evenues plus 

Expected Increase 
in Costs of 

Introd ucing C33 
(3) = (1) + (2) 

$24,720 

2,175 

$26,895 

FW is better off 11ot introducing C33. The additiona l costs of $26,895 ex­
ceed C33 's expected contribution of $16,000 ($1,600 per order x 10 orders). 

The foUowing points are linked to the chapter's lea rning objectives. 

1. Four cost c:.itegori es in a costs of qu:llity progra1n ase prev£'11tio11 costs (costs in­
curred i11 precluding the n1anufacture of produtt5 that do not conforn1 to specifica­
tions), 11ppraisal costs (costs incurred in detecting which of the individual products 
produced do not confonn to specifications), 1uternrtl failure costs (costs incurred when 
a nonconfonning product is detected before its shipment to custon1ers), and e:x-te1-n.al 
fni/11re costs (costs incurred when ;J nonconforrning product is detecte<l afte r its ship­
menr to cusLon1crs) . 

2. Three method!> Lhal co1npanics use to imprO\'e quality are control cbn11s, to distin­
guish random variations frorn other sources of variation in an operati ng process; 
Plfreto cliagrtr111s, \'\· hich indicate ho'v frequently each type o f failure occurs; and 
a111se-nnd-effict dingrtnus, which identify potential factors or causes of failure. 

3. rrhe re levant costs of qua li ty i1nproven1enl are the incren1cntal costs incurred to 
i111plen1ent the qualiLy progranL The relevant benefits are the savings in total costs 
and the esti1nate<l incre;1se in contribu tio n 1n<1 rgin frnn1 the higher sa les that \vill re­
:-.ulr from Lhc quality i1npro\'c111ents. 

4. Nonfinancial 111 easures of customer satisfaction include die number of customer 
con1plaints, the on-Li1nc delivery rate, and the customer-response ti111e. Nonfinancial 
1neasure~ of inter11;1I perforn1ancc incJude product defect levels, process yiel<l , and 
1nanufocn1ring lead ti111es. 
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5. Financial measures are belpfuJ to evaluate trade-offs an1ong prevention and fail­
m·e costs. T hey focus attention on h ow costly poor quali ty can be. Nonfinancial 
measures help focus attention on the precise problem areas that need attention. 

6. C11sto111er-response thne is the amount of ti rn e from \vhen a cu tamer places an 
order for a product or requests service to when the product or service is delivered to 
the customer. Lines and delays occur because of (a) uncertainty about when cus­
to1ners will order products or services, and (b) lin1ited capacity and bottlenecks. Bot­
tlen ecks are operations at \¥hich the work to be performed approaches or exceeds the 
available capacity. The costs of lines and delays include lower revenues and increased 
invento1y c«rrying costs. 

7. T he three main measurements in the theory of conso·aints are throughput 
contribution (equal to sa les dollars minus direct materials costs); investJn ents or 
inventory (equal to the sun1 of materials costs of direct 111aterial inventory, 
work-in-process invento1y and finished goods inventory; R&D costs; and costs of 
equipment and bui ldings); and operating costs (equal to all operating costs other 
than direct materi<1ls costs incurred to earn throughput contribution). 

8. T he four steps in n1an:iging bottlenecks are (a) recognize that the bottleneck op­
eration determines th roughput contribution, (b) search for and find the bottl\.:neck, 
(c) keep tlle bottleneck busy and subordinate all nonbottleneck operation to the 
bottleneck operation, and (d) increase bottleneck efficiency and capacity . 

. 
TERMS TO LEARN 

This chapter and the Glossary at the end of this book contain definjtions of the following 
important terms: 

appraisal costs (p. 683) 
average waiting ti1ne (695) 
bottleneck (694) 
cause-and-effect diagram (687) 
controJ chart (686) 
costs of quali ty (COQ) (683) 
custo1n er-response time (693) 
external failure costs (684) 
internal failure costs (684) 

. ASSIGNMENT MATERIAL 

QUESTIONS 

manufactuTing cycle time (694) 
manufacturing lead time (694) 
on-time perforn1ance (696) 
Pareto diagrarn (687) 
prevention costs (683) 
theo1y of constraints (T OC) (698) 
throughput contribution (698) 
time driver (694) 

19-1 Descri be some of the benefits of improving quality. 
19-2 I-low does conformance qua lity differ from quality of design? Explain. 
19-3 Name two items classjfied as prevention costs. 
19-4 Distinguish between in ternal faiJw·e costs and external failure costs. 
19-5 Describe three m.ethods that con1panies use to identify cp1~ l iry prohlerns. 
19-6 "Co111panies shoul<l focus on financial measures of quality because these are 

the only rneasures of quali ty that can be linked to bottom-line perfor­
n1ance." Do you agree? Explain. 

19-7 Gjve two examples of non financial measures of custo1ncr sa ti sfaction. 
19-8 Give two examples of nonfinanciaJ 1neasures of internal perforn1ance. 
19-9 Distinguish between customer-response time and n1anufacturing lead time. 

19-10 "There is no trade-off between customer-response ti1ne and on-time perfor­
mance." Do you agree? Explain. COST MANAGEMENT 

QUALITY. TIME, AND THE 
703 THEORY OF CONSTRAINTS 
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19-11 Give t\\ o reasons 'vhy \vaiting lines and delays occur. 

19-12 "Companies should alv:ays make and sell all products whose selling prices 
exceed variable costs." Do you agree? Explain. 

19-13 Dt:scribe 1.he three 111ail1 measures used in the t:heory of constrainrs. 

19-14 Describe the foru· key steps in managing bottleneck resources. 

19-15 Describe three " rays to frnprove the performance of a bottleneck operation . 
• 

EXERCISES 
19-16 Cost of quality program, non.financial quality measures. Baden Engi­

neering n1~nnfacn1res ::iutomotive parts. A major customer h as just given 
Baden an edict: "Improve quality or no more business." Hans Reichelstein, 
tbe controller of Baden E ngineering, is given the task of developing a COQ 
program. H e seeks your advice on classifying each of items a-g as (i) a pre­
vention cos~ (ii) an appraisal cost, (iii) an internal failure cost, or (iv) an ex­
ternal failure cost. 

1-119-17 

a. Cost of inspecting products on the production line by Baden quality in­
spectors. 

b. Payment of travel costs for a Baden Engineering customer representative 
to meet wj th a customer who detected defective products. 

c. Costs of reworkin g defective parts detected by Baden Engineering's qual­
ity-assurance group. 

d. Labor cost of the product designer at Baden Engineering whose task is to 
<lesign components that will no t break under extreme ten1perature v:aria­
oons. 

e. Cost of autom otive parts returned by customers. 
f. Sen1u1;u- co:su, for "Vendor Day," a prograrn airue<l at communicating to 

vendors the n ew quality requirements for purchased components. 
g. Costs of spoiled parts. 

I I I 

l. Classify th e seven individual cost it.e1ns into one of the four categories of 
prevention, appraisal, i11ternaJ failure, or external fa.ilure. 

2. Give rwo examples of nonfinancial performance Jneasures Baden Engi-
neering could moni tor as part of a total-quality-control effort. 

Costs of quality analysis, nonfinancial quality measures. The Hartono 
Corporation manufactures and seUs jndastrial grinders. The following table 
presents financial information pertaining to quality in 19_6 and 19_7 (in 
thousands): 

19_7 19_6 

Sales $12,500 $10,000 
Lu1e inspection 85 110 
Scrap 200 1-0 _ ) 

Design engi neeri11g 2+0 100 
Cost of returned goods 14-5 60 
Product-tesnng equipn1ent 50 50 
Customer support 30 40 

Rework costs 135 160 
Pre"enave equipment 1uaintenance 90 35 

Producl liabiJ1ty claims 100 200 
Incoming 111atenals inspection 4-0 20 
Breakdo"'rn 1nainrenance 4-0 90 
Producr-tesung labor 75 220 
rrraining 120 45 

\Varn1nt) repair ~00 300 
Supplier cvaJ unoon 50 lO 
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R.EQUJRFD 
:es 1. Classify the cost ite111s in the table into prevention, appraisal, internal 

faHure, or external failure categories. 
2. Calculate the ratio of each COQ category to sales in J 9 _6 and 19 _7. 

Corrunent on the trends in costs of quality between 19 _6 and 19 _7. 
3. Give two examples of nonfinanciaJ quali ty measures that Hartono Cor­

poration could monitor as part of a totaJ-quajjty-control effort. 

19-18 Costs of quality analysis, nonfinancial quality measures. Ontario Indus­
tries :nanufactures two types of refrigerators, Olivia and Solta. lnfonuation 
on each refrigerator is as follows: 

Unirs manufactur~<l an<l ~ukl 

Selling price 

Variable costs per unit 

H.ours spent on design 

'lesting and inspection hours per unit 

Percentage of unjts reworked in plant 

Rework costs per refrigerator 

Percentage of units repaired at customer sire 

Repair costs per refrigerator 

Estin1ated lost sales fron1 poor quality 

Olivia 

10,000 units 

$2,000 

$1,200 

6,000 

5% 

$500 

4% 

$600 

The labor rates per hour for various activities are as follows: 

D esign 

Testing and _inspection 

l (l II I ll 

$75 per hour 

$40 per hour 

Sol ta 

5,000 units 

$1,500 

$800 

1,000 

0.5 

JO% 

$400 

8% 

$450 

300 units 

1. Calculate the costs of quality for Olivia and Solta cl::issified into preven­
tion, appraisal, internal failure, and external fai lure categories. 

2. For each type of refrigerator, calculate the ratio of each COQ jte1n as a 
percentage of sales. Corn.pare and conunent on the costs of quality for 
Olivia and SoJta. 

3. Give two examples of nonfinancial quali ty measures that Ontario Indus­
tries could 1nonitor as part of a total-quality-control effort. 

19-19 Quality improvement, relevant costs and revenues, service. The Sloan 
Corporation is a moving company that transports household goods from 
one city tu another within the continental Uni tt<l States. I t rneasures ~en•ice 
quality in terms of (a) time required to transport goods, (b) on-time delivery 
(wi thjn two days of agreed-upon delivery dare), and (c) lost or damaged 
shjpments. Sloan is considering investing in a nev. schec1uling and tracking 
system costing $160,000 per year that should help it improve performance 
with respect to items (b) and (c). The follo,ving information describes 
Sloan's current performance and the expected pcrfonnancc if the ne\v sys­
tem is imple1nented: 

On-time delivery performance 

Variable costs per carton lost or damaged 

Number of cartons los1 or damaged per year 

C urrent 
Perfonnancc 

g50;<> 

$60 

3,000 can ons 

Future 
Expected 

Perfonnance 

95 o/c, 

$60 

l ,000 cartons 

Sloan expects that each percentage point increase in on-tin1e pcrfonnance 
will resul t in sales increases of $20,000 per year. Sloan's contribution margin 
percentage is 45%. 

COST MANAGEMENT 
QUALITY. TIME. ANO THE 

THEORY OF CONSTRAINTS 705 
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R•<r l L J 

1. 'Vhat are the a1u1ual additional costs to Sloan of choosing the new sched­
uling and tracking systenl.? 

2. "\~That are the annuaJ additional benefits of the new system? 
3. Should Sloan acquire the neVir system? 

19-20 Quality improvement, relevant costs, and relevant revenues. The Pho­
ton Corporation rnanufac~res and sells 20,000 copiers each year. The vari­
able and fixed costs of reworlcing and repairing copiers are as foll.ows: 

Variable Costs Fixed Costs Total Costs 

Rework costS per copier $1,600 $2,400 $4,000 

Repair costs per copier 

Cusromer-suppon costs 80 120 200 
Tr..lnsportatio.n costs for 

repair parts 180 60 240 

\iVarrancy repair costs 1,800 2,600 4.400 

Photon's engineers are currendy working to solve the problem of 
copies being too light or too dark. They propose changing the lens of the 
copier. The new lens \Nill cost $50 more then the old lens. Each copier uses 
one lens. Photon uses a 1-year tin1e ho1izon for this decision, since it plans 
to introduce a new copier at the end of the year. Photon believes that even as 
it improves quality, it will not be able to save any of the fixed costs of rework 
or repair. 

B)r changing the lens, Photon expects that .it vvill (1) rework 300 fe\ver 
copiers, (2) repair 200 fewer copiers, and (3) seU 100 additional copiers. 
Photon's unitcontribucion n1argin on its existing copier is $6,000. 
RE Qt.TIRED 
1. What are the additional costs of choosing the new lens? 
2. What are the additional benefits of choosing tbe new lens? 
3. Should Photon use the ne\v lens? 

19-21 \Vaiting time, banks. Regal Bank has a sn1all branch in Orillia, Canada. 
The counter is staffed by one teller. The counter is open for 5 hours (300 
.minutes) each day (the operational capacity). It takes 5 minutes to serve a 
custon1er (service time). The Orillia branch expects to receive 40 customers 
each day. (Note that the number of custo1ners corresponds to the number of 
orders in the chapter discussion.) 
REQUIRED 
I . Using the formula on p. 695, calculate how Jong, on average, a customer 

will wait in line before being served. 
2 . H ow long, on. average, 'viii a customer wait i.n Une if the branch expects 

50 customers each day? 
3. The bank is considering ways to reduce waiting tirne. How long 'lvill cus­

tomers have to wait on average, if the time to serve a customer is reduced 
to 4 minutes and the bank expects to serve 50 custo1ners each day? 

19-22 Waiting time, relevant costs, and relevant .revenues. The Orillic1 branch 
of RegaJ Bank is thjnJcing of offering addjtional services to its custo1ners. I ts 
counter is open for 5 hours (300 minutes) each day (the operational capac­
ity). If it introduces the new services, rhe bank expects ro serve an average u( 

60 customers each day .instead of the 40 custo.n1ers it currently averages. It 
~rill take 4 minutes to serve each custon1er (service time) regardless of 
whether or nor the new services are offered. (Note that the number of cus­
to1ner corresponds to the number of orders in the cb.apter discussion.) 
REQt.IRED 
1. Using the fonnula on p. 695, calculate how Jong, on average) a custo1ner 

\.\ill \vait in line before being se:rvecl. 
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2 . R egal Bank's policy is that the average waiting time in the line should not 

exceed 5 minutes. T he bank. cannot reduce the time to serve a customer 
below 4 minutes without significantly affecting quality. To reduce aver­
age waiting time for the 60 customers it expects to serve each day, the 
bank decides to keep the coun ter upen. for J36 1u inuLes each day. Verify 
that by keeping the coun ter open for a longer time, the bank will be able 
to achieve its goal of an average waiting time of 5 minutes or less. 

3. T he bank ex;pects to generate, on average, $30 in additional operating in­
come each day as a result of C>ffe.ring the new services. The teller is paid 
$t0 p er h our and is employed in increments ofan hour (thatis, the teller 
cart be ernpl0yed for 5 1 6, 7 hours, and so on , but not for a fraction of an 
hour). If the bank wants average waitin,g time to be no more than 5 1nin­
utes, should the bank offer the new services? 

19-23 T heory of constraints, throughput contribution, relevant costs. 'l'he 
Mayfield Corporation m anufactur es filing cabinets in two operations-n1a­
chin ing and finishing. Additional inforn1ation is as follows. 

Annual capacity 

Annual production 

Fnced operating costs 
(ex duding- direct materials) 

Fixed operating costs per unit produced 
($640,000 + 80.,000; $400,000 + 80,000) 

Machining 

loo, 000 uni ts 

80,000 llllits 

$640,000 

$8 per unit 

Finishing 

80,000 units 

80,000 units 

$400,000 

$5 per unit 

E ach cabinet se11s for $72 and has direct materials costs of $32 incurred at 
the start of t he machining operation. Mayfield has no other variable costs. 
Mayfield can sell whatever output it produces. The following requirements 
refer only to the p receding data; there is no connection between the situations. 
REQUIRED 
.1. Mayfield is considering using so1nemodem jigs and tools in the finishing 

operation that would increase annual finishing output by 1,000 units. 
The annual cost of these jigs and tools is $30,000. SbouJd Mayfield ac­
quire these tools? 

2. T he production manager of the Machining Department has submitted a 
proposal to do faste r setups that would increase the annual capacity of the 
Machining Deparonent by 10,000 units and cost $5,000 per year. Should 
Mayfield implement the change? 

19-24 Theory of constraints, throu ghput: contribution, relevant costs. Refer 
to the information u1 Exercise 19-23 in answering the following r equire­
ments; there is i10 connection between the situations. 
R r.! .. TIRE[ 
1. An outside conrractor offers to do the finishing operation for 12 ,000 units 

at $10 per uni t, double the $5 per unit that it costs Mayfield to do the fin­
ishing in-house. ShouJd Mayfield accept the subcontractor's offer? 

2. The I-Iunt Corporation offers to machine 4,000 units at $4 per unit, half 
the $8 per unit that it costs Mayfield to do the machining in-house. 
Should Mayfield accept the subcontractor's offer? 

19-25 Theory of constraints, throughput contribution, quality. Refer to the 
information in Exercise 19-23 in answering the following requirements; 
there is no connection between the situacions. 
f "')lJTPF•lJ 
1. Mayfield produces 2,000 defective units at the machining operation. 

What is the cost to Mayfield of the defective ite1ns produced? Explain 
your answer briefly. 

2. Mayfield produces 2,000 defective units at the finishing operation. What 
is the cost to Mayfield of the defective items produced? Explain your an­
swer hrieAy. 

COST MANAGEMENT 
QUALITY. TIME, ANO THF 

THEORY OF CONSTRAINTS JQJ 
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PROBLEMS 
19-26 Quality improvem ent, relevant costs, and relevant cevenues. The 

Tho1nas Corporation sells 300,000 V262 valves ro the autotnobile and truck 
industry. Thotnas has a capacity of 11 0,000 machine-hours and can produce 
3 valves per machine-horn. V261's contribution margin per unit is $8. 
Tho1nas sells only 300,000 valves because 30,000 valves (10% of the good 
val\'es) need to be reworke~. It takes L machine-hour to rework 3 valves so 
that l0,000 hours of capacity are lost in the rework process. Thomas's re­
work costs are $210,000. Rework costs consist of 

Direct n1aterials and direct rework labor (vari11ble costs) 

Fixed costs of equipment, rent, and overhead allocation 

$3 per unit 

$4 per unit 

Thomas's process designers have co1ne up with a moclification that 
wouJd maintain the speed of the process and would ensure 100% quality and 
no rework. The new process \vould cost $315 ,000 peT year. The following 
additional information is available: 

The demand for Thomas's V262 valves is 370,000 per year. 
The Jackson Corporation has asked T homas to supply 22,000 T 971 
valves if Thomas in1plements the new design. T he conrributi.on m argin 
per T971 valve is $10. Thornas can make two T971 valves per machine­
bour on the existing machine with 100% qualjty and no rework 

1. Suppose Thomas's designers jmplemented the new design. Should 
Tho1nas accept]ackson's order for 22,000 T97 1 valves? Explain. 

2. Snould Thomas in1plement the n ew design? 
3. What nonfinancial and qualitative factors should Thomas consider in de­

ciding whether to i_n1plen1ent the new design? 
19-27 Quality improvement, r elevant costs, and relevant revenues. The Tan 

Corporation a1akes ml1lticolor plastic lamps in two operations, n1olding and 
weldjng. The 1nolding operation has a capacity of 200,000 units per year; 
welding has a capacity of 300,000 units per year. Annual costs of quality in­
forrnarion recorded by Tan is as follows: 

Design of product and process costs $2-fO,OOO 
L1:s1Jtct.io11 and testin.g costs 170,000 
Scrap costs (aU in the molding department) 750,000 

The de1nand for lan1ps is very srrong. Tan wiJl be able to sell whatever out­
put quantities it can prodnce at $40 per lan1p. 

Tan can start only 200,000 units into production i.n the Molding D e­
parrment because of capacity constraints on the mold.ll1g 1nachines. If a de­
fective unit is produced at the molding operation, it n1ust be scrapped, and 
the scrap yields no revenue. Of the 200,000 units starred at the molding op­
eration, 30,000 units (15%) are scrapped. Scrap costs, based on total (fixed 
and variable) manufacturing costs i.ncurred up to the molding operation, 
equal $25 per unit as follows: 

Direct materials (variable) 

Direct manufacturing labor, setup labor, 
and materials-handling labor (variable) 

Equipmellt, renl, and other allocated overhead including 
inspection and testing costs on scrapped parts (fixed) 

$16 per unir 

3 per uuit 

~per urur 

$25 per unit 

The gootl units from the J\tlolding Dep;1rtrnent are sent to the \¥"elding De­
partment. \ 'ariable manufacturing costs at the \\ .. elding Deparm1ent are 
$2.50 per unit. There is no scrap in the \\Telcling Department. Therefore, 
Tan's total sales quantity equals the J\llolding Department's output. Tan in­
curs no other variable costs. 



TERADATA, Ex. 1013, p. 742

Tan's designers have determined that adding a different type of mate­
rial to the existing direct materials would reduce scrap to zero, but it would 
increase the vari able costs per unit in the Molding D epartn1ent by $3. Recall 
that only 200,000 units can be started each year. 

1. What is the additional direct materials cost of i1nplementing the ne~r 
method? 

2. \ .Vhat is the additional benefit to Tan from using the ne'v n1atcrial and 
improyjng quaJity? 

3. Should Tan use the new material? 
4. Vvhat oth er nonfinancial and qualitative factors should Tan consider iI1 

making a <lecision? 
19-28 Statistical quality control, airline operations. Peoples Skyway operates 

daily round-trip flights on the London-New York route using a fleet of 
three 747s, the Spi1rit ~f Birtningha111, the Spirit of Glasgow, and the Spirit of 
lvlt1nchcsun: T he budgeted quantity of fuel for each round-trip flight is the 
mean (average) fuel usage. Over the last 12 months, the average fuel usage 
per row1d-trip is 100 gallon-units with a standard deviation of 10 
gallon-units . . ~ gaUon-unir is 1,000 gallons. 

Ci li a Black, the operations manager of Peoples Si.yway, uses a statisti­
cal quality conn·ol (SQC) approach in deciding whether to investigate fuel 
usage per round-trip flight. She investigates those flights \vith fuel u sage 
greater than two standard deviations from the mean. 

In October, Black receives the follo"''ing report for round-trip fuel 
u~age by the three planes operating on the London- New York route: 

Spirit of Spirit of Spirit of 
Bfnn ingha111 Glasgow Mn11chester 

Flight (Gallon-Units) (Gallon-Units) (Gallon-Units) 

I 104 103 97 
2 94 94 I 04 

3 97 96 1 J 1 

4 101 107 104 

5 105 92 122 
6 107 I 13 11 8 

7 I l l 99 126 
8 112 106 11 4 
9 115 10 I 117 

JO I I 9 93 123 

1. Llsing the +20 rule, what va riance investigaLion dcci<,ions \"\Ou Id be made? 
2. Present SQC: charts fo r round-trip fuel usage for each of the three 747-; 

in O ctobe r. ~What inferences can vou draw fro1n the1n ? 
3. Sonic n1anagers propose that Pe~pl es Sky\vay present its SQC charts in 

111onctary tern1s rather than in physica l quantity tcr111 s (ga llo n-uni ts). 
What are the advantages and disadvan tages o f using n1onctary fuel coc;ts 
rath t:r than gallon-uJ1its in the SQC charts? 

19-29 Compensation linked with profitability, on-time delivery, and external 
quaJity perforn1ance measw·es; balanced scorecard. Pacific-Dunlop sup­
plies tires Lo rnajor auton1otive con1pa11ies. I t has Lvvo Ur e plants in North 
Ainerica, 111 Detroit and Los Angeles. T he quarterly honu'> pl<! n for each 
plant 111anagcr has three components: 
a. Proji111!1i!t1_y pe1for1111111ce. Add 2% of operati ng incon1e. 
b. On-11111c delivery pl'1for111t111re. 1\dd $10,000 if on-tune delive ry perfor-

1nancc to the ten 1nost important custon1ers is 98'Yo or helter. If on- ti1ne 
performance is below <)8<Yc., add nothing. 

COST MANAGEMENT 
DUALITY. TIME. AND THE 
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TERADATA, Ex. 1013, p. 743

D etroit 
Operaung income 

On-rune deli\ ery 
Cost of sales returns 

Los Angeles 
(Jpcrating inct>me 

On-cirne <leh\"CI) 
Cost uf salec; rerurns 
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c. Product qunlity pt'1for11111nce. Deduct 50% of cost of sales returns from the 
ten n1ost important custon1ers. 

(Juar terly data for 19_7 on the D etroit and Los Angeles plants are as fol­
lows: 

January-i\larcb April-jWie JuJy-September ()ctober-J)ecem.ber 

• 
$800,000 $850,000 $700,000 $900,000 

98.4% 98.6% 97.l % 97.9% 

$18,000 $26,000 $10.000 $15,000 

$1 ,600,000 $1,500,000 $L,800,000 $1,900,000 

95.6% 97. 1 % 97.9% 98.4% 

$35,000 $34,000 $28,000 $12,000 

19-30 

f-!t 19-31 

l 

1. Con1pute the bonuses pa.id each quarter of 19 _7 to the plant n1anagers of 
the Detroit and Los Angeles plants. 

2 . Discuss the three components of the bonus plan as measures of prof­
itability, on-time delivery, and product quality. 

3. Vlhy would you want to eva luate plant1nanagers on the basis of both op­
esating inco1ne and on-time delivery? 

4. GiYe one exan1ple of vvhat might happen if on-time delivery were 
dropped as a pe1formanre-evaluation nleasure. 

Waiting times, manufacturing lead times. The SRG Corporation uses an 
injection molding tn llchine ro n1~1ke a pla<> ric product, Z39. SRG n1akes 
products only after receiving finn orders fron1 its customers. SRG estimates 
that it will receive 50 orders for Z39 (each order is for 1,000 units) during 
the co1ning year. Each order of Z39 will take 80 hours of 1nachine time (4 
hours to clean and p1·epare the machine, called setup, and 76 hours to 
process the order). The annual capacity of the machine is 51000 hours. 

( ! 

1. ~7hat percentage of the total avaih1ble machine capacity does SRG ex­
vect to use during 1.he cou1iug yeur? 

2. Calculate the average an1ounL of cin1e that an order for Z39 will wajr in 
line before it is processed and the average rnaJ1ufacturing lead time per 
order for Z39. 

3. SRG is considering introducing a nevv product, Y28. SR G esti1nates that, 
on average, it \Vill receive 25 orders of Y28 (each order for 200 units) in 
the coming year. Each order of'Y-28 wi lJ take 20 hours of machine time (2 
hours to clean and prepare the n1achine, and 18 hours to process the 
order). The average demand for Z39 \.Viii be unaffected by the introduc­
tion of Y28. Calculate the average waiting ti1ne for an order received and 
the average 1n<mufacturing lead ti1ne per order for each product, if SRG 
introduces Y28. 

4 . If SRG introduces Y28, on average what fraction of the tocal manufactur-
ing lea ti time will each order of Y28 spend just waiting to be i)rocessed? 

5. Briefly describe 'vhy delays occur in the processing of Z39 antl Y28. 
Waiting tin1es, relevant revenues and relevant costs (continuation of 
19-30). SRG is scilJ deciding whether or not it should introduce and seU 
¥28. The following table provides inforn1ation on selling prices, \'ariable 
cost-;, and in'"entory carrying cosLS for Z39 ru1<l Y2R. SRG V\ill incur addi­
tional va1iable coses and inventory carrying costs for Y.28 only if it intro­
duces Y.28. Fixed costs equal to 40o/rJ of variable costs are allocated to all 
products produced and sold during the year. 
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P_roduct 

:r Z39 
Y28 

19-32 

19-33 

Product 

G 72 

R76 

Averag·e Average Selling· Price per Order 
Number if Average Manuf.acturing Lead Time Is 

of 
Orders Less than 320 Hours More than 3 20 Hours 

50 $27,000 $26,500 

25 8,400 8,000 

REQUIRED 
1. Sh~uld SRG manufacture a:nd sell Y28? Shovv all yuur computations. 
2. V/hat is the cutoff price per order above which SRG should n1anufacrure 

and sell Y28 and belo·w .. whjch SRG should choose not to manufacurr.e 
and sell Y2 8? 

Waiting times, manufacturing lead times. The Casj0pia Corporation 
makes wire harnesses for the aiicraft jndustry. Casiopia is tmcertain about 
when and how many custo1uer orders will be received. Casiopia nJakes ha.r-
nesses only after receiving firn1 orders from its customers. Casiopia has re-
cently purchased a new machine to make two \.vi.re harnesses, G72 an.d R76. 
Casiopja's tnarketi.ng manager, Peter Chalos, estimates that Casiopia will re-
ceive 125 orders for G72 during the coming year. Each order of G72 "WilJ 
take 40 hours of machine time. The m.arketing manager also estimates that 
Casiopia will receive 10 orders for R7 6 during the upco1uing year. Each 
order of R76 will take 50 how.:s of machine ti1ne. The annual capacity of the 
new machine is 6,000 hours. 

PEQUIRED 
1. Calcwate the average manufacturing Jead times per o.rder of G72 and 

R7 6 if Casiopia 1nanufactures both products. 
2. Calculate the average manufacturing lead time per order if Casiopia only 

manufacntres G72. 
Waiting times, relevant revenues and relevant costs (continuation of 
19-32). The following table provides information on the ave.rage number of 
orders, selLing prices, variable costs, and inventory carrying costs for G72 
and R76 for next year. Casiopia will incur adrutional variable costs and in-
ven tory cru:rying costs for R 7 6 only j fit produces R 7 6. Fixed costs equal to 
30% of variable costs are allocated to alJ products produced and sold. 

Average Average Selling Price per Order 
Number if Average Manufacturing Lead Time Is 

of 
Orders Less than 200 Hours More than 200 Hours 

125 $ 15,000 $14,.+00 

lO 13,500 12,960 

Peter Chalos and the CEO, Lama Minton, mer ro dLscuss 'vbich prod-
ucts the company should make and sell. 

Laura Min ton: The nu111bers indicate that both G7 2 and R76 are prof­
itable products. I think we should 1na11ufacrure and n1arket both products. 

Peter Ch alos: I am not so sure. Since both products use a con1rnon in a­
chine, freeing up capacity- for example, by not producing and seUing 
R76-could enable us to r educe th e n1ai1ufacturing lead ti1ne to rnake and 
sell G72 resulting in higher r evenues per orde r of G72. 

F L' I I LI 

1. Suppose Casiopia is choosing between th e two following alternatives: (a) 
rnaking and selli11g both G72 and R76, and (b) Jnaking and selling 011Jy 
G72. What should Casiopia do? 

Inventory 
Variable Carrying 

Costs Costs 
per per Order 

Order per Hour 

$L 5,000 $0.75 

5,000 0.25 

Inventory 
Variable Carrying 

Costs Costs 
per per 01·der 

Order per I-lour 

$10,000 $0 50 

9,000 0.45 

COST MANAGEMENT: 
QUALITY, TIME, AND THE 

THl:ORY OF CONSTRAINTS 711 
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2. vVhat is the cutoff price per order above \Vhich Casiopia should 1nanufac­
ture and sell R76 and below v.rhich Casiopia should not manufacture and 
selJ R76? 

3. \\'hat other factors should Casiopia Corporation consider in choosing 
among the alternatives described in requiren1ent 1? 

19-34 Theory of constraints, throughput contribution, relevant costs. Col­
orado Indusrries manu£aclf1.res electronic testing equipment. Colorado also 
installs the equipment at the customer's site and ensures that it functions 
smoothJy. Additional information on the lVIanufacturing and lnsrallation 
Departments is as follo,vs (capacities are expressed in terrns of the number 
of units of equipment): 

Annual capacity 

Equipment manufacn1red and installed 

Equipment 
Manufactured 

+OO units per year 

300 units per year 

Equipm ent 
Installed 

300 units per year 
300 units per year 

Colo.rado manufactures only 300 units per year because the Installa­
tion Deparonent bas only enough_ capacity to install 300 units. The equip­
ment sells for $40,000 per unit (installed) and has direct n1aterials costs of 
$15,000. All costs other than direct materials costs are :fL-xed. The following 
requirements refer only to the preceding data; there is no connection be­
tween che situations. 

1. Colorado's engineers have found a v.ray to reduce equipment manufactur­
ing t:in1e. The o.ew n1ethod would cost an additional $50 p€r unit and 
\vould allow Colorado to manufactu.re 20 additional w1its a year. Should 
Colorado implement the new method? 

2. Colorado's designers bave proposed a change in the direct materials that 
\vould increase direct materials costs by $2,000 per unit. This change 
would en<ible Colorado to instaJJ 320 units of equipment each year. If 
Colorado rnakes the change, it will implement the new design on all 
equipment sold. Should Colorado use the new design? 

3. A new installat..ion technique has been developed LhaL will enable Col­
orado's engineers to install 10 additional wiits of equip1nent a year. The 
new method \vjlJ increase installation costs by $50,000 each year. Should 
Colorado in1plement the new technique? 

4. Colorado is considering how to n1otivate workers to improve their pro­
ductivity (output per hour). One proposal is to evaluate and compensate 
'vorkers in the Manufacturing and Installation Departments on the basis 
of their productivities. Do you think the new proposal is a good idea? Ex­
plain brieAy. 

19-35 Theory of constraints, throughput contribution, quality, relevant 
costs. Aardee Industries manufactures pharmaceutical pToducts in t\v-o de­
partments-Mixing and Tab.let-Making. "Additional infonnation on the two 
departments follov.'S. Each tablet contains 0.5 gram of direcr n1aterials. 

Capacity per hour 

J\'lonthly capacity (2,000 hours ava ilable 
in each of ntlxing and tablet rnaking) 

J\tlon thlr production 

Fixed operating costs (excluding direct materials) 

Fixed operacing costs per tablet 
($16,000 + 200,000; $39,000 + 390.000) 

Mixing 

150 grams 

300.000 grams 

200,000 grams 

$16,000 

$0.08 per gram 

Tablet Making 

200 tablets 

+oo.ooo rablers 
390,000 tablets 

$39,000 

$0.10 per tablet 
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The Mixing Department makes 200,000 grams of direct materials mix­
ture (enough to make 400,000 tablets) because the Tablet-Making Depart-
1nenthas onlyenough cap>acity to process 400,000 tablets. All direct materi­
als costs are incurred in the iVlix.ing Department. Aardee incurs $156,000 in 
direct mateiials costs. The Tablet-Making Deparrment manufacmres only 
390,000 tablets from the 200,000 grams of mixture processed; 2.5% of the 
direct materials rnixrure is lost in the ta bl.et-making process. Ea eh ta bl et sells 
for $1. All costs other than direct materials costs are fixed costs. The follow­
ing requiren1ents refer only to the preceding data; there is no connection be­
tween the s,iruations. 
Rr-~L1lREI' 
1. An outside contractor makes the following offer: If Aardee will supply 

the contra:etor with 10,000 grams of mixture, the contractor will manu­
facture 19,500 tablets for Aardee (allowing for the normal 2.5% l9ss dur­
mg the tablet-making process) at$0.12 per tablet. ShouldAardee accept 
the contractor's offer? 

2. Another firm offers to prepare 20,000 grams of lllix.wre a month, from d1-
rectmaterials Aardee supplies. The company will charge $0.07 per gram 
of mixture. Should Aardee accept the company's offer? 

3. Aardee's engineers have devised a method thatwould in1prove quality in 
the tablet-making operation. They estimate that the 10,000 tablets cur­
.rentl.y being lost would be saved. The modification would cost $7 ,000 a 
month. Should Aardee implement the new method? 

4 . Suppose that Aardee also loses 10,000 grams of 1nixture in its 1nixing op­
eration . These losses can be reduced to zero if the company is willing to 
spend $9,000 per rnonth in quality-improvement methods. Should 
Aardee adopt the quality-improvement method? 

5. What are the benefits of improving quality at the mixing operation com­
pared wjtb the benefits of improving quality at the tablet-making opera­
tion? 

19-36 Quality improvement, Pareto charts, fishbone diagrams. The Murray 
Corporation manufactures, sells, and installs photocopying machines. Mur­
ray has placed heavy emphasis on reducing defects and failures in its produc­
tion operations. Murray wants to apply the same total-quality management 
(TQM) principles to managing its accounts receivables. 

f. L [1 

1. On the basis of your la.1owledge and experience, what would you classify 
as failures in accounts receivabl.es? 

2. Gjve exarnples of prevention activities that could reduce faiJures in ac­
counts receivables. 

3. Draw a Pareto djagra1n of the types of failures in accounts receivables 
and a fishbone diagram of possible causes of one type of failure in ac­
count') receivables. 

19-37 Ethics and quality. Mary I-Iughes, the assistant controller of Grant Semi­
conductors, had recently prepared the foll owing qua.liry report comparing 
19_8 and 19_7 quality performances. 

Sales 

On-line inspection 

vVarranty liability 

Produce testing 

Scrap 

D esign engineering 

Percentage of custorn.ers complaining 

about quality 

19_8 

$90,000,000 

$ 700,000 

$ 2,250,000 

$ 2,000,000 

$ 2,700,000 

$ 1,800,000 

3% 

19_7 

$80,000,000 

$ 600,000 

$ 3,600,000 

$ 1,000,000 

$ 2,000,000 

$ 800,000 

4% COST MANAGEMENT; 
QUALITY, TIMF, AND THE 

THEORY OF CONSTRAINTS 
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J U'>t ~ days after preparing che report, John En1erson, the controller, 
h.icJ calleJ f-lughes inro bis office. "Our planr manager, Harry Davis, is quite 
upset 'nth the recent costs of quality and non-financial rneasures of quality 
r~porr~ that you prepared. H e feels his w·orkers have made significant 
progress in impro,ing quality at the plant but that our reports are just not 
'.)ho\nng this. He '''ants to apply for various quality av•ards that would bring 
a lot of prestige to Grant, bur he obviously cannot do so on the basis of the 
numbers" e are reporting~ Can you look over these quality numbers, and see 
~hat you can do? r think Harry has a point. Nobod~r \Vaats Grant to miss out 
on all the wonderful press ""e'd get if we \Von one of these quality awards." 
Hughes is quite certain that her numbers are co1Tect. Yet she would very 
much like Grant ro ,,.in these prestigious quality a\vards. She is confused 
about how to handle Emerson's request. 

1. CalcuJate the ratio of each costs of quality category (prevention, ap­
praisal. internal failure and external failure) to sales in 19 _7 and 19 _8. 

2. 'Sliat do the reports indicate about the plant's quality performance? 
3. Is J ohn Emerson's suggestion to Jiughes ro recalculate ber quality num­

bers unethical? \\rould it be unethical for I-fughes to i11odify her analysis? 
\\'hat steps should Hughes take to resolve this s.ituation~ 

COLLABORATl\'E LEARNING PROBLEiVI 
19-38 Quality improvement, relevant costs, and relevant revenues. The 

\iVellesley Corporation makes printed cloth in f\\'O operations, weaving and 
printing. Direct materials costs are \"\TeUesley's onlr variable costs. The de­
n1and for \r\~ellesley's cloth is ,·ery sn·ong. ''Tellesley can sell whatever output 
quanriries it produces at $1,250 per roll to a djsu-ibutor vvho then markets, 
distributes, and pro\'ide custon1er . emce for the product. 

\I on tbJ~ ca paci er 
l\ lonthl~· proJucrion 
Direct matt:rial variable costs per roll 

of doth processed at each operation 

FLxcd operating costs 
Fixed operaung costs per roll 

($2,H50,000 + 9,500; $+27,500 + 8,550) 

" 'eaving 

l 0.000 rolls 
9.500 rolls 

$500 

$2.850,000 

$300 per roll 

Printing 

l 5 ,000 rolls 

8.550 rolls 

$100 

$+27,500 

$50 per roll 

,\.lonthly costs of quality information recorded by 11-\'ellesley are as follo,vs: 
Product and process design costs $300,000 

crap COl>ts io ''reaving Department 391,500 
Sera p CO'iCS 1n Pr in ting D eparanen t 883 ,5 00 

\\reUeslev can start- onJy 10,000 rolls of cloth in the YVeavi.ng Depart­
ment because ·of capaciq· co~1srraints at the \.\'eaving machines. If the weav­
ing operation produces defective cloth, the clo th must be scrapped and 
rields zero net reYenue. Of the 10,000 rolls of doth started at the "-eaving 
~peration, 500 rolls (5 %) are scrapped. Scrap costs per roll, based on total 
(fixed and vanabJe) nianufacturing costs per roll incurred up to che end of 
i.he ~Teaving operation, equal $785 per roil as follo.,,·s: 

Dtrect n1~nerialc; costs per roll (variable) 

ri_xed operaang CO'lts per roll 
($:? .S50,000 + I 0,000 rolls) 

-local m:inufacniring coses per roll in \\'eaYing Depa.rune.or 

$500 

285 
. -; 5 

The good rolls fron1 the \' ·eaviag D epartment (called gre~· cloth) are 
sent ro the Printing Department. Of the 9.500 good rolls sta rted at the 
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printing operation, 950 rolls (10%) ru:e scrapped and yield zero 11et revenue . 
Scrap costs ba~sed on total (fixed and variable) manufactw·ing costs per unit 
incurred up to the end of the printing operation, equal $930 per roll calcu­
lated as followrs: 

T0talmanufucturing costs per rollin Weaving D!:!partment 

Printing Deparonent manufacturing costs 

Directmatecia:ls costs per roll (variable) 

Fixl'!d operating costs per roll 
($427,500 + 9,500 rolls) 

Total manufacturing costs per roll in Printing Deparonent 

Total manufacmring costs per roU 

$100 

45 

$785 

145 

$930 

The \7Vellesley Corporation~s total monthly sales of printed cloth 
equals the Printing Department's output. The following requirements refer 
only to the preceding data; there is no connection between the siu1ati.ons. 
INSTRUCTIONS 
Form groups of three students to complete the following requirements. 
REQtJIRED 
1. The Printing Department is considering buying 5 ,000 rolls of grey cloth 

trom an outside supplier at $900 per roll. The Printing Department 
manager is concerned that the cost of purchasing the grey cloth is much 
higher than Wellesley's cost of manufacturing the grey cloth. The quality 
of the grey.cloth acquired from outside is very similar to that manufac­
tured in-house. The Printing Department expec:ts that 10% of the rolls 
obtain.ed from the outside su2plier will be scrapped. Should the Printing 
Department buy the greyclothfrom the outside supplier? 

2. How much does Wellesley lose if a defective roll is produced in the 
Printing Department? 

3. What is the expected loss to Wellesley if a defective roil is produced in 
the Weaving Department? Use the expected monetary value criterion 
described in the Appendix to Chapter 3 (p. 75-79). 

4. Wellesley's engineers have developed a method that would lower the 
Printing Department's scrap rate to 6% at the printing operation. In1ple­
menting the new method would cost $350,000 per month. Should 
Wellesley implement the change? 

5. TJ1e design engineering team has proposed a modification that would 
lower the Weaving D epartment's scrap rate to 3%. The modification 
would cost the company $175,000 per month. Should Wellesley imple­
ment the change? 

6. From your answers to requirements 1- 5, what general conclusions can 
you draw· about implementing TQM programs? 

COST MANAGEMENT 
QUALITY. TIME, AND THE 
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OPERATION COSfING, 
US'f-IN-1IME SYSTEMS, 
~ BACKFLUSH EOSTING 

Changes in companies' production 
systems are leading to changes in 
their accounting systems. American 
Greetings recently invested in new 
information systems and technology 
to improve product flow and reduce 
work-in-process inventory, as in a 
just-in-time system. As companies 
implement such changes, -they will 
also simplify their costing systems. 

After studying this chapter, you should be able to 

1. Explain how hybrid-cosLing systerns develop in relation 
to production systems 

2. D evelo p an understanding fo r an operarion-costing 
sysLen1 

3. Prepare journal entries for an operation-costing systen1 
4. D escribe a just- in-ti rne production systern 
5. Identify the rnajor features of a just-in-tirne production 

sys te rn 
6. Explain how just- in- t.i1ne systc111s simplify jo b costing 
7. D escribe joun1al entri es ror backflush-costing systerns 
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P roll 1Lct-cusung sysle n1s <lo nol always fall into the neat categories o f job costing or 
process costing. Product-costing sysLe1ns 1nu'>t often be designed to tit the partic- ~ 

ular charactensucs of different production systems. In thjs chapter, \Ve exan1ine two tht 
"p1.:ci tic production systems- a hybrid production system with ho th joh and process ri1 

charactenscic-. anJ a just-in-ti111e production systc1n- and the costing methods asso- a 
r ia ted " ·i Lh the111 . 

• 

li'r Bfll[) ANI) SJJ\1n 1 IJ:JED JOB-COSTl NG SYSTEMS 

L xpla1n ho\\ hvbrid-cosnn g 
S} ~t<:nb de' elop tn relntion 
to production systems 

Hybrid-costing systems are blends of characteris tics from hoth job-co.;;ting sys­
te1ns and process-costing syste111s. Recall th<1t job-costing and process-costing sys­
ten1s ::ire best viev.ted as opposite ends of a conLinuun1: 

Job-costing 
systems 

Distinct, identifiable 
unit of a produce 

or service 

Hybrid-costing 
systems 

Process-costing 
systems 

M asses of simi lar 
product units 

or service units 

i-\s we have seen, job costing usually accon1panies the custorn-orclcr 111anufacn1ring 
of relatively hete ro~geneousl (QiFferent) products or services (for exarnple, printing 
posters, building custo1n-111a<le machines, and constructing a homeowncr's patio). 
In contTast , process costing usually accon1panies the mass production and 
c.:ontinuous-ilc)\,y 1nanufacn1ring- or homogeneous.£uniform) and stanJa rJize<l prod­
ucts (for example, printing rolls of ·wallpaper, stitching shirts, and bagging cement). 

()b,iously, a pro<luct-cnsting- syste1n should be tai lored to the underlying pro­
duction sy<>te1n. F-lybrid-co<>ting syste1ns an.; developed to n1atch hybrid production 
syste111s. ·wh ich are blends of custo111-order 1nanufi1cnu·ing and 1nass-production 
n1anufocruring. J\llanufacturers of a relatively ,.•,ride variety of closely related stan­
dardi z.cc.t product~ tend to use a hyhri<l syste1n. Con~ider the Ford Motor Con1pany. 
Auto 1no biles are 1nanufocturcd in :i continuoui; fl ow, hut each c::in he custornized 
with a special cornbinatiun of 1notor, transmission, radio, an<l so on. Co1npanies de­
velop hyhric.1-costing sy<;te1ns to 111eet these indiviJual needs. 

1\n in1portanL and significant innovation in production sy<>ten1s in recent years 
is the J ust- in-Tin1e (JIT) sysLe1n. JIT ]s cle~ign ed ro produce goods and services, as 
needed b) custo111ers, using 1ninin1al inventories . 1\ fcan1re of J IT systen1s and of 
holding 111ini111a) in vtnLOr] e~ is that the physical sequences or purchasing, produc­
tion, and c;a les occur in quick c; 11 ccession. I-low do Ll1 e tmique features of JIT produc­
uun affect the costing systen1 ? Stn.:an1lining tbc pn1Juc tiun process sint.plificsjob coj1-

i11g- in'.-. tead o f coc.;ting pro ducts as they ~equcnLia l l y niuve fron1 direct 1naterial s, to 
work in process and finish1.:d goods to .;;a les, the recording of costs is often delayed 
until a~er the goodc.; are co1nplcted or sold. 

)I [ P ATIC)N COS Tl N(~ 

Develop an undcn.tanding 
ror :.111 operation -losting 
system 

718 I CHAPTER 20 

O vcrvic"" of Operation Cos ting 

An operation i'i a ~ta ntlnrdizcd n1 ethod or technique that is performed repetitively 
r1.:gardless of th l.'. tlisLing-uishing re~1tures of the fin]shcd good. ()pennions are usually 
conducted \vi thin dcp:irtn1cnrs. For ins tance, a '>uit 111akcr n1ay haYe a cutting opera­
tion and a hen1n1ing o pera tio n 'v\'ithin a single J epartn1ent. The term operflt io11. ho\\·­
cver, i-. often u ~cd loo<>cly. It 1nar he a 5ynony1n for a <lcparn11cnt or a process; for ex­
a1nplc, ~on1c compnni e~ n1a) call their finishing deparu11ent ::i finishing procc<is or a 
11 11 i~h 1ng o pera ti o n . 
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Operation co sting is a hybrid _c9sting ~yo;tem applied lO batchc~ or si1nilar 
produ~ts. Each batch of products is often a variation of a single de~ign and proceeds 
through a sequence or selected (though not necessa rily the san1e) activitit::s or opera­
tions. v\' irhin each operation, al l product units :ire treated exactl) alike, u"ing identi­
cal an1ount of the operation's resources. Batches are also tt:r111cd prut!11ctiu11 r1111:i. 

Con icier a bu iness that makes suits. Managen1enL 1nar ~elect a single basic de­
sign for every suit d1at the con1pany manufacture . D epending on specifications, 
batches of suit vaiy from each other. One batch may use "' ool; another batch, cot­
ton. One batch rnay require special hand stitching; another batch, n1achine stitching. 
Other produr.:ts that are often 1nanufacrured in batches are sen1iconductors, text.iles, 
and shoes. 

An operation -costing systern uses work orders thal -;pecify the needed direct 
materials and step-by-step OQerations. Product costs are con1pilc<l for each "''ork 
order. Direct nuiteri als that are unique to different v.rork order-; are spec1iica1Jy j<len­
tified with the appropriate work order as in job-costing systen1s. rl'he conversion cost 
for each unit pass ing through a given operation is tbe san1c rcgm·dless of the \·Vork 
order. vVhy? Because each unit passing through an operation uses identic<l l an1ounts 
of that operation 's resources. A single average conversion cost per unit is calculated 
as in process costing. For each operation, this amow1t is computed by aggregating 
conversion costs and dividing by all units passing through that open1tion. Our exan1-
ples assume only t\vo co t categorjes, direct n1aterials and c.:onversion costs. Of 
course, operation co ting can have more than t\\'O cost categoric.,. 1 "he CO'itS in each 
category are identified v.rith v.rork orders using job-costing or proce-;s-costing meth­
ods as appropriate. 

Managers often find operation costing useful in cost 1nanage1ncnt. l\11y? Be­
cause Operation CO ting rocuses on the physical proce<;SC'i, or operations, or a gi\ en 
production ystern. For exa1nple, in the manufacturing of cloLhing, 111anagers are 
concerned "'rith fabric \vaste, the nun1ber of fabric layer~ Lh:H can be cut at one tirne. 
and so on. Operation c<isting captures the financial impact of the control of physical 
processec;. Feedback fron1 an operation-costing sy~teln can therefore pro,·ide essen­
tial insight into Lhe control of physical processes and the n1anagc.:n1enl of opera­
tiona l costs. 

An Illustration of Operation Costing 

Consider the Baltirnore Con1pany, a clothing rnanu~~1cturer Ll1 ~1l produces tV\'O lines 
of blazers for department stores. Wool blazers use bcuer-quality rnarenal~ and un­
dergo n1 ore operationc. than do polyester blazers. Let\ look at the rollo\\.ing opera­
tion'> in 19 _7: 

Direct materials 

Opcr.JL1nn<., 

1. Cutting cloth 
2. C hl:cking edges 

~- Sewing budy 

4. Chee.ling <.,c.1111 .., 
), J\.(ach1ne 'iC\.\ 111g or n1(l.ir'i .111d bpci'> 
(1, 1 lanrl .,l:\\ 111 g of collar., and l.1pcl-. 

1 \"ork Order 
423 

\ \ 1101 

~atin lull lining 

~one hutcon.., 

U-.c 
Ll<;e 

u ... 1: 

v ... c 

Do not 11-.c 

L '>t 

\\ ork Order 
424 

r'olyt::..,ll'I" 
R.1p111 11.11 ti.il linmg 

Pl.J..,11c. hunon' 

u..,l. 
()11 JliJI 11..,l: 

u..,c 
D11 IHJI ll"l: 

L '"c 
Do not 11-.c 

Suppo<;e work order 42 3 is for ~O wool hla1er'i and work order 424 i<> for I 00 pol}­
tsttr blazer". ' J he fol lo\\ ing co<>tc. are as-;umed for the"c tv\ o \\ ork orders, \\·hich 
were <ilaned <lnd co111plcted in ,\1 .1rc.:h f <)_7: 

OPERATION COSTING. JUST· 
JN.TIME SYSTEMS. AND 

BACKFlUSH COSTING 19 
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Prepare roumaJ entries for 
. . 

un opcr~1t1on-co:-.t1ng sy~lcm 

720 I CHAPTER 20 

'\Jumber nr hlaz:er<; 
D trcct materials costs 

Cun version costs al I ocatcd: 

Operation l 

0 . 1 peranon _ 

()peration 3 
()pcration -t 
()penH.ion 5 
Operation 6 

Tota l manufacturing costs 

Work Order 
423 

50 
$ 6,000 

580 

-too 
1,900 

500 

700 

$10,080 

Work Order 
424 

100 
$3,000 

J ' 160 

3,800 

875 

$8,835 

A.s in process costing, all product units in any work order ::ire assu111ed to consu1ne 
identical an1ounts of conversion costs of a particular operation. The Baltimore Com­
pany's operation-costing system uses a budgere<l .rate to ca lculate the conversion 
costs of each operation. For exan1ple, the costs of operation I n1ight be budgeted as 
fo llovvs (amounts ~1ssun1ed): 

Operation l budgeted 
conversion cost 

r:ite in 19_7 
-

-

Operation I buJgeted 
conversion costs in 19 _7 

Oper:1tion I budgeted 
proJuct units in 19_7 

$232,000 
20,000 units 

=$ 11.60 pcr Lm tt 

The budgeted con version costs of operation l include labor, power, repairs, supplies, 
depreciation, and other overhead of this operation. If son1e units have not been co1n­
pJeted so that all units in operation l have not received the san1e arnounts of conver­
sion costs, the conversion cost rate is co111pute<l by dividing budgeted conversion 
costs by the equivalent units of conversiun costs, as in C hapters 17 and 18. 

As goods are manufactured, tonversion costs are allocated to the work orders 
processed m operation 1 by 111ultiplying the $11.60 conversion costs per unit by the 
nw11ber of product uni ts processed. The conversion costs of operation 1 for 50 wooJ 
blazers (\vork order 423) are $11.60 x 50 = $580, and Jor 100 polyester blazers (work 
order+:?.+) arc $ 11.60 x I 00 = $1,160. rr work order +2+ contained 75 units, its total 
costs in open1tioo l \Vould be $870 ($11.60 x 7 5), 1501}{1 rather Ll.1an 200% of the cost of 
work order 423. If equi\'alcnt unit-; have been used to calculate the conversion cost rate, 
costs :ire J llocntec.l to work orders by n1uJtiplying t.he conversion cost per equivalent 
unit by the nun1ber of equi va lent units in the \>vork order. Direct 111ateri::ils costs of 
$6,000 fort.be 50 wool bbzer'> (\vorkonler423) and $3,000 for the 100 polyester blaz­
ers (work order 424) :lrc speci lic:11ly identil-i cd ~ri th e~1ch order :ls in a job-costing sys­
ten1. Note that oper:JLional unit cos~ are :Jssu1ned to be the san1e regardless of the " 'ork 
order hut direct 111ateria l<; t:O'ltS varv <Jcros<> order.;; ~s the n1:ucrials theniselve.;; \'arv. . . 

Journal Entries 

:\ctual conversion costs for oper~nion Lin ,\,larch 19_7 (assu111 ecl to b~ $:?+,400) are 
enLered into a Conversion Co'lt.., accow1L: 

1. Convers1011 Costs 

Vanous accounts (such as, Wages Payable and 
Ac cumulated Depreciation) 

24,400 

24.400 

S'11un11n1y.10111"11nl L'lltncsji1r 11s.1"1gn111g cu:;1s to the po~ycstcr /i /n:,c•rs (11•orl· order -/.:!.-!) follow. 
E11trn:sfor the u)(}Of b/t1-::,e1:; would be si111i/111: 

( )f the $3,000 of direct materia ls for \\"Ork order 41'4-, $:?,975 ::ire used in opera­
tion I. l~he journal cnLry for the use of direc:t 111ateriab, which are tr~1ced direcdy to 
partic uh1r h;Hcht:s, for the I 00 polyesre r hL1ze rs is: 
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2. Work in Process, Operation 1 

Materials Inventory Control 

2,975 

2,975 

The alJocalion of conversion cosl-s to products in operaLion costing uses the bud­
geted rate $ J L.60 ti1ncs the l 00 units processed, or $ J, 160. 

3. Work in Process, Operation 1 

Conversion Costs Allocated 

1, 160 

1, 160 

The lransf er of the polyester blazers from operation to operation 3 (reca ll 
that the polj!CSlCr blazers do not go through operation 2) would be journalizeJ as 
follows: 

4. Work in Process, Operation 3 

Work in Process, Operation 1 

4,135 

4, 135 

After posting, Work in Process, Operation 1 accounl, appears as follows: 

Work in Process, Operation 1 

2. Direct materia ls 2,975 4. Transferred to Operation 3 4, 135 
3. Conversion costs allocated 1, 160 

T he costs of lhe blazers are transferred through the pcrLinent operatiuns and 
then to finished goods in the usual manner. Costs are added throughout the year in 
the Conversion Costs and Conversion Costs Allocated accounts. A.ny over- or un­
derallocation of conversion costs is disposed of in the ~a1n e \Vay a ~ over- or undcr­
allocate<l rnanufacturing overhead in a job-costing sys tcn1. (See pp. 140-144 for 
discussion.) 

Relation of Operation Costing to Other Costing Systems 

Exhihit 20-1 presents an overview ofthe various costing c,ystems described in this book. 
Since opcn:i tion costing has fea tures of both job and process costing, it is placed on the 
continuu111 of product costing between job costing and process cosLing. Belov\' the con­
tinu1rn1, we indiciltc that product costs wider d1ese d1ree product-cosLing sysLen1s can 
be cornputed using acluill costing, nonnal. costing, extenc.led-nonnal costing, ::i ncl ">tan­
clarcl costing (which were con1pared in Exhibit 8-5, p. 269). ·rhc BalLin1orc Con1pany 
operation-costing cxan1ple used non11al costing, but actual costing, exLen<led-norn1al 
costing, or stand;1rd costing could have been used in c;tc;1d. AcLiviLy-hascd costing nlay 
be con1bined with any fonn or cornbination of procluct-co,..,ting syste111s. As Chapters 4 
and 5 explain, using several different cost driver'>, as in accivity-ha<icd co'iting, leadc; to 
the rnost accura re infon11auon for evaluating t.he perfonnancc of <lctivity areas and for 
building up product costs. For exan1ple, in an operation-costing ~y~t.c 1 n, 1n::inagers rnay 
use an activity-based co~t1ng 'i)'">tc1n \.vith n1any cost poolc; and CO'>t driver<; to allocate 
111anufac.:turing overhead co!> LS to indi' idual operation">. 

EXHIBIT 20-1 
Variety of Cost Accounting Systems 

Product-Costing Systems 

Job 
Costing 

(Chapters 4, 5) 

Operation 
Costing 

(Chapter 20) 

Process 
Costing 

(Chapter 17) 

._ ___ Actual Costing (Chapter 2) ---~~ 

._ ___ Normal Costing (Chapter 4) -----.. 

........... _ Extended-normal Costing (Chapter 4) --i.• 

...., __ Standard Costing (Chapters 7, 8)---... OPERATION COSTING JUST 
IN-TIME SYSTEMS, ND 

BACKFLUSH COSTING 1 
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J L J \ I N - r I f'v1 [ ) \' ~ -r F f\ \ ~ 

Di.!~cribe •1 )USl-m - onu: pro­
duction -.ro;w 111 

.7ust-in-tlf11t! re(e r'> LO a 5)·Stetn in which Inaterials :Jrrive ex::ictl: ~15 Lhey are needed. 
Den1and drives the procuremenL or p1·ocluc:tion or any needed 1naterials, anJ im1ue­
cli .lt~ delivery elin1inates "' aiting ti111es and the need for inventory. lVLmagcrs in such 
conipan1e'> .ic; .\T&l~ 1-[onda 1\fotors. Poloroid, Sien1en'>, and Texas lnstru111ents, 
\vhich h,n c i1nplcn1entec.l just- in-tin1e systems. believe inventory is ''"1ste that can be 
111in1nitzed. anc.l e,·en elinlinaled, th1•ough c;1reful planning. Ake) ele1nent or just-in­
tinie isjust-i11-ti11tc production. 

Just-in-time (JIT) production i::. a system in "hid1 each con1ponent on a 
production line is produced in1111e<liately as needed hy the next step in the produc­
Linn line. 1 In a JIT proJuction line, n1anufactu ring <lCti\ ity at any µarticular ,,·orksta­
uon is prnnipted by the need for that sration'c; output at the follo,ving station. De­
n1:c1nJ trigger:. each step of the production pnH.:ess, starting '.vith custo1ner <lemand 
for a fini'iht.:J product <lt one end of the proces-; }lld \VOrking al l the \\'<1)' back to the 
demand for clirect 1naterials at the other end of the procei.~. In this 'vay, demand 
pullc; a product through the production line. The den1~1nJ-pull rearure of .nT pro­
Juction systems achieves close coordination a1nong 'vork centers. It .;;nioothes the 
flo,, of good'>, despite lo\\ quantities of in' ento11. 

-rhe de111and-p11l l sy<;te111 .;;h:irply diffcrc; fron1 rhe tr:idicinn:1 I push-through sys­
te1n of 111a nu facturi ng. A push-through systen1, often described as a 111r1terirt/.s require-
111e111 plr1r111111g (!\LR!·') c;ysrern, uses (:1) de1nanc.l forecasts ror the liaal products; (b) a 
hill of 111aterials outlining rhe 111acerials, con1ponents, an ti subassemhlies for each 
linal product; an<l (c) the quancities or n1aterials, cornponents, ->ubac;<;eniblies, and 
product inventories to pn.:detennine the necessary outpu~ at each o;;tage of pruduc­
lion. Taking- in lo account the lead tin1e required to purchase r11 ;,1terials ;1ncl to n1anu­
t~1c:ture con1ponents and -;ubasse1nhlies, J n1aster produccinn schedule specifies the 
quantil) and Li1ning o[ ench iten1 to be produced. Once scheduled production starts, 
the ouq)ut of each dep~1n1nenL is pushed di rough die systcni ,vhether it is needed or 
noc. ~rhe resulL is often 1.he accu1nuh1tion of invenLon• bv vvorkstations that receive 

" ' 
parts Lhey arc nor yet 1 cac.ly to process. 

l 'hL:rc arc many 'vays to implcn1cnt d1c c.lcn1an<l-pull feature of]TT production, 
huL perhaps the 1nost con1111011 is <1 l(c1nhan c.,ysten1. J(1111br111 is theJapane.;;e tenu for a 
vic:;ual record or card. In the si1nplcsL IG.nban sy-;teni, workers at one operation use a 
K.anban ..::a rc.I to signnl Lhose at anoLher oper:Jcion to produce a specified quancity of 
a p•1rticular pan. For exainple, ... uppo'>t: thl' a'>SL:Jllbly Jc.:p~1ru11e11t or a 1nufller ilHl.llU­
facturer recei\ es an order for ren n1uffler~. The assetnbly dep:u·o11ent a·igger!:t pro­
duction of lhc ten 1nct:::d pipes it necdc; to 111akc the ten 1nufflers by sending a l<.anba.i1 
car<l ro the 111:Jc:hining dl!p:1nn1ent. ()nly :1frer receiving the I<.~1 nhan card does the 
1nachin1ng deparu1icnt begin production of the pipe~. \\,.hen production ic; coniplete, 
die n1achining dcparoncnt attaches the I'anban card to the box containing the metal 
pipes and ~hips the package do\.\·n.,o·ea111 to 1.he asse1nhly dep:~rrrnent. The a~sen1bly 
dcpart111cnt starts the cycle O\t:r again when it n.:ccivec; Lhe next cui;;tnnier order. 

f\l\AJ<.>lt I L A1'LJ l\f S C)F I IT PR()[)LJCTIC"I'-' ~y~ l"EM~ 

It.lenlll) the rna1or lccitures 
of <1 ju~l-111-t.imc production 
o;ysrem 

1'l:J. CHAPTER 20 

--rhcre ~i re Jive 1nain features in a Jil ' production syc;ten1: 

Production is org11111zed 1n manufacn11-ing cells, a grouping or all the different 
t~ peo;; of cquip1ncnt u'>ed to 1nanufncturc a gi,·en product. 

\ \"nrker-. :1re tn1ined to he 111uJti'>killt.:cJ SO Lh:.H they 11re Cilj):lhlc ol' pcrforn1ing ::I 

\ ancty of operations and ta~k~. 

Tl1t:1l qu:1lit) rnanagcn1ent i.. aggn::ss1,·el) pursued Lo 1::lin1inate defect~. 

1 -\ de1.1ilcd di ... lll:::...,ion tJl°JIT product.ion n1,1na~e111en1 t::in I 1c: 1·lJund 111 \ 1. "id1niedcrjM1'>, lopnl' 111 

]11 r1- i 11 T ,.111t· 1 f.11111.1!/lllt'llf (\lc:edh.1111 I ldglu!>, \ L1., ..... .\II) n and B.1con, 1992 ). For c;1..,e -,ruJ1co;, .,ee 
R \I I 1111b.1y .111d S. h .. tl.1gna11;1111, 77•t' li/11ptirm 11/ ]111t-i11-Time Prod11ttm11 -;,,_..,f/J/.1 111 [1111111/11 ,111.J 

Tht•ll f1Jo«1f/1J1111 <Nth \ la111lf!.tllli'11t C1111trol f'n1ct1t't'.1 ( l l.1111illon, C:<111;1da "'ouct) of \.h111.1gemenl 
\1..·c:ounL ,1111 .... I 'Ill{). 

I 
I 
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+ En1pha-;is is placed on reducing setup ti111e, which i~ the tin1e required to get 
eq uipn1ent, tools, and materials ready to start the production of a component 
or product, and 1nr11utfact11ri11g lead tirne, 'vhich is the ti1nc fro1n \\'hen an order 
i::. ready to start o n the protluction line ro vvhen it becon1cs n linic:hcJ goo<l. 

+ Supplier<; are carefully selected to obtain delivery of quality-tested parts in a 
tin1ely 111anner. 

Organizing Manufacturing Cells 
Convention.ii 111anufacuu·ing plants generaJly have a f11nctio11nl ln)'Ollt, in which n1a­
chines Ll111 l perforn1 the s;nne function are located in the san1e ~1 rea or cleparrn1ent. 
JIT plants, however: organize Jnachines in cells designed around products. Different 
types of n1achines th~H perforn1 di Fff~renr fnn ctions needed ro 111:11111 foctiire :1 product, 
or a fa1nily of products, are pJaced close to each other. Materials 1nove fron1 one ma­
chine to another "vhere various operations are performed in sequence. Inco1ning and 
outgoing n1ateriaJ stock point5 for individual cells <1re located ne<11 the cell rather 
than at a central location. Cells reduce materials handling costs. Forklifts and forklift 
operators are no longer needed to transport n1aterials between central store rooms 
and between departincnts as in conventionaJ manufacturing. Instead, \.vorkers or 
small conveyor belt5 carry 1naterials from one celJ station to the next. 

Consider the n1anufacrure of metal pipes for Lnuffler assembly described ear­
lier. Exhibit 20-2 contrasts the functional layout in conventional rnanufocturing "vi th 
the cell layout in ]IT pJants in this case. Note tht U-shaped layout of the cell. This 
layout ensures that all 1nachines and 'vorkers are located near each other. i\tlulti­
skilled \\'Orkcrs rnay then be able to operate more than one 1nachine. 

Multiskilled Workers 

Workers in a cell arc trained to perform all operations \Vithin the cell. Vlorkers can 
then be assigned to di~ferent n1achines as needed to ach.ieve sn1ooth production flo"v. 

EXHIBIT 20-2 
Comparing Layouts of Conventional Manufacturing and JIT Plants for the Manufacture 
of Metal Pipes 

FL"NCTIONAL LAYOUT IN A CONVENTIONAL MANUFACTURING PLANT 

Materials for 
steel pipes 

-+ 
Materials for 

galvanized 
pipes 

Department 1 

Cutting 
machines 

Department 2 

• • 
Grinding 
machines 

Department 3 

Forming 
machines 

~ Steel pipes 

~Galvanized 
pipes 

PRODUCT-ORIENTED LAYOUT IN AJIT PLANT 

Cell to Manufacture Steel Pipes 

Grinding 

Cuttino 
machine 

t 
Materials for 
steel pipes 

machine 

Forming 
machine 

i 
Steel 
pipes 

Cell to Manufacture Galvanized Pipes 

Grinding 

Cutting 
machine 

t 
Materials for 

galvanized pipes 

machine 

Forming 
machine 

i 
Galvanized 

pipes 
OPERATION COSTING, JUST- , 
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\ \·ork1.:rs are abo LraineJ anJ expected to perfonn n1inor repairs an <l do rounne 
l11.ll11lLn<lllCe (,2uaiit) rec;ting and inspeCU011 i!:i a lso the responsihi lit) or the \.\fOrkers 
in a cell rather th;111 uf <l qualiry ;1ssurancc Jcpartrncnt. 

Total Quality l\ilanagement 

lf J \\·orker Jl :in) cell discnYers a defect, he or c;he 111ust set off an alarm LO alen oth­
er~ of rbe proble111 anJ that operation js shut Jown. Because of the dynan1ics of the 
den1<1nd-pull ")'Stcn1, "hen one operation shut<; do,vn, all production shuts down 
until the µroblen1 is suJved. JI'f creates an urgency for soh·ing problenb immediately 
and elim.tnaring rhe roo~ cau.,es ~of defects as quick ly as po1;.c;ihle. T herefore, total 
qu:ilit) m<1n,1gement is an essential component of any JTT production systen1. 

In contrast. in 111any tr:iditional productfr>n <>y.,re111s, extra parts an<l subassen1-
blie~ are held at \vorkstations in anticipation of shortages or production breakdo\\'llS. 
TI1ese inYentnries can sen·ice a do\\rnstream operatitn1 eYen if a defect occurs. Con­
c;equently. there j., les<; need for and e1nphac;i" on preventing re" ork ;1nd spoilage rel­
ative to JIT ::ivsten1s. . ' 

Reducing 1\llanufacturing Lead Tin1e and Setup Ti1ne 

Reducing manufacturing lead time enables a con1pany Lo respond bet-i:er to changes 
in cu1,tomer dem:lnd. For e'a111ple. a ... horL n1anufacturing lead Li me enables the 
Pana<;OIUC <:orporation to rapidly re'itock [ho<;e 111odcls or fox 111achincs that, at any 
given tin1e, are the 1nost poptd;1r \\'ith con::iu1ners. A.Ji i1nportan t aspect o f reducing 
manufacn1ru1g le;.1d rinJe i~ reducing serup tiine. \ \ /hen c;en1p ti n1e is long, plan t 
n1anagers tend to 111anufocnlf"e n1nn) units of a product because they " ·ant to spread 
the costs of the setup oYer <ls n1any uruts <lS po.,siblc. ' [he higl1 er production causes 
inYentory ro huilJ up unti l such tin1c that the units arc eventually sold. 

Reducing setup t.irne 111<1lei., proJuction in scna lJcr batches econo n1ica l and 
\Vorthwbile, which in turn reduces in,·entory Jc, els. Con1panies use n1u ltiple ap­
proaches LO rc<luce setup lirne. ( >ne \\·ay i<> to use 1nanufac.:Lw-ing ce lls Je<licared to 
rhe m,1nufocrure of a product or product fon1ily rarher th:in n1u ltiple prod ucts. f\:n­
other wa) is to i111prove '>etup proct.:s'>es and Lrain wod,ers to clo setups 1nore quickly. 
By for the mo<;t i1nportanl W•l), howc\'er, i<> Lo auton1ate the set up and production 
procec;<; hr investing in rti1lljllltrr intl'p;r11t1·t! 1111n111f11rt11ri11g (f:T11 T). Tn \.TM pl ::i nts, 
con1p11ters give instn1ction.., th;1t •luton1<11 ically set up and run equipn1en t. 

Strong Supplier Relationships 

tvlany con1panies i111ple1nenLing JIT producLion also i111ple111ent ]IT p11rrht1si11g. 
J ust-in- ti1ne (JlT) purchasing is the purcha"e of g-oo<ls or 1naterials c;uch that de­
livery inune<li:itely preccJcs demand or use. JlT phuns expect JIT suppliers ro pro­
vide high-qu .. 1lit) gooJ.., :ind 111nkc frequent deliverie!> of the ex<lct quanLiLies specifiec.I 
on ~1 tin1cl) basis. Supplit:r'> often deli\ t:r 1narerials directly to the plant floor to be 
lin111ecli~1tel} p l:iced into prudt1ct1011. Consel1uendy. _rrr plants requ.ire suppliers to 
inspect their own good<; and gunrantce their qua lity. These procedures con1plerely 
elin1i11~1te nonvalue-adding CO!>tS of inco111ing inspection, storage, inventof}, and 111a­
teria l<; handling. and thi s '><l\ t.:'> the JT'I purc.:h.~-.;cr rnoney. 

Strong relationship.,'' ith suppliers are J cntrcal co1npunent ufJIT purchasing 
liec<l U'lc production 'ilop'> if a '>llpplier fails to clcli\ er 111aterial'i on cnne. Building 
1mru1er-.hip.., ,,itl1 '>upplicr.., j.., tin1t:-con'>u1ning anJ cusd). It entail:-. the ni.:gotiation 
of long-run contr:1ct'> so th;H 111111i111al papcnuirk 1s Ill\ oh ed 111 each indi\~idual 
tra11s;1ction. A single telephone call ur cu1nputcr enO)' (abu called electronic dat<l 

inu:rchange) tngger'> Ll1e dell\ er) of 1110.Hcrial. Hence JTT c:ornpanies choose to \\'Ork 
\\ith only ,, re~· reliable and dependable <;Uppliers. For ex.1n1ple, in jn1plcn1enLing 
.JIT purcha ... ing, division.., oC ..\pple ( :on1putcr. 113:\l. and Xerox reduced the nun1her 
or their o;upplier.-. hr xo·x .. 1>1 "1

11, and CJ- l1,, , re<>pecti\.'CI). Since .1rr purc.:ha ... ing de­
n1ancls :1 lot l'ro111 ~upplrer cu1npJ11ie!:i. n1 ,1n~' !:.LLpplit:r!> are un;1hle Lo prc)\iJe the 
needed '>er. ice le\ el... 
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Fina11cial Benefits of JIT 
JIT tends LO focus broadly on the control of tot11/ '!1L11n1tji1t1uri11g rosts in tead of indi­
' 'idual cos~ uch ac; direct manufacturing labor. For exa1nple, idle ti111e may rise be­
cause production lines are starved for materials more frequently than before. Never­
theless, 1nany 1nanufacturing costs \vill decline. JIT can provide many financial 
beDefits, including 

I. Lower invest111cnL in inventories 

2. Reducr ion:-. in carrying and handling costs of inventories 

3. RecJ 1~ctions in 1isk of ohsolcscence of inventories 

4. Lower invesuncnt in plant space for inventories and production 

5. Reductions in sen1p costs anc.J total rnanufactu1ing costs 

6. Reduction in costs of waste and spoilage as a result of improved quality 

7. I-Iighcr revenues as a result of responding faster to custon1ers 

8. Reductions in paperwork 

Exhibit 20-3 su1nmarizes the effects Hewlett-Packard reported fron1 adoptingJIT at 
sevcraJ of its production plants. 

Product-CostiI1g Benefits ofJIT 
In reducing the need for materials handling, ·~varehousing, inspection of supplies, and 
other activities, JIT system_s redu_ce overhead costs. ]TT systems also faciljtate the di­
rect n·acing of son1e costs that were formerly classified as overhead. For example, the 

- -

EXHIBIT 20-3 
The Effects of JIT Production at Hewlett-Packard 

Ideas for 
Cutting 

Production 
Run Quantities 

Production Run 
Quantity 

Reductions 

Just-in-Time 
Production 

~ 
Heightened Awareness 

of Problems and 
Problem Causes 

Ideas for 
Improving 

JIT Delivery 
Performance 

Faster 
Delivery 

/ 
Less 

Inventories 
in the 

Sys Lem 

Less Indirect Costs for: 
Interest on Idle Inventory, 
Space and Equipment to 

Handle Inventory, 
Inventory 

Accounting, Physica l 
Inventory Control 

Ideas for 
Controlling 

Defects 

! 

Faster Feedback 
on Defects 

Scrap, Quality 
Control 

Fewer 
Rework 

Labor·Hou rs 

Less 
M aterials 

Waste 

Less materials, labor, and indirect inputs for the same or higher output = higher productivity 
Less inventory in the system = faster market response to changed demand 
Less detailed accounting and physical records = lower staff costs 

OBJECTIVE 6 

Explain how just-in-ti1ne 
systems simplify job costing 

OPfRATION COSTING, JUST 
IN-TIME SYSTEMS. AND 

725 BACKFLUSH COSTING 
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use or nianufacturing cells niakes it easy to trace n1aterials handling and 1nachine op­
erating costs to specific products or produce fan1ilies rnadc in <;pecific cells. These 
costs then becon1e direct costs of those products. ,;\Jso, the use of multiski lled workers 
in these celis alJo,vs the costs of setup, nunor m <1intenance, and quality inspectio n to 
become easi ly traced, direct cos~. 

• 

L~i\LKFLUSlf CC) TINC~ 

Describe journal entries fnr 
hackJlush-co ... ting S}'Srem<: 

726 CHAPTER 20 

A unique production syste111 such as JIT leads to its O\vn unique costing system. Or­
ganizing n1anufacturing in cells, reducing defects and inanufacturing lead tin1e, and 
ensu ring timely delivery of 111aterials enab les purchasing, production, and sa les to 
occur in quick succession "vith minin1al inventories. rr he absence of inventories 
n1akes choices about cost-AO\\' assw11ptions (such as, \veighted-averag~ or first-in , 
first-out) or inventory CO'iting n1ethods (such as, absorption o r varjable cos_!:ing) 
un_in1portant-al1 ln:..1nufacturing costs of a period Aovv directly into cost of goods 
sold. The rapid conversio11 of direct Lnaterials to finished goods that are in1n1ed iately 
sold simplifies job costing. 

Simplified Budgeted or Standard Job Costi.t1g 

~[J-adiciona l anJ standard costing systcn1s (discussed in Chapters 4, 7, and 8) use se­
quentiaJ tracking (also called synchronous tracking), which is any product-costing 
n1ethod in which the accounting c;yste111 entries occur in the sa111e order as actua l pur­
chases and production. ] 'hese traditional systerns track costs seque ntially as products 
pass frorn direct 1nate rials, to \vork in process, to finished goods, and finally to sales. 
Sequenti al tracking is often expen'ii \•e, especial ly if 111anage111ent tries to lTack di rect 
materia ls requis itio ns and labo r tin1e Lickets tn individual o perations and products. 

An alternative to the <;equencial tracking approach in 1nany costing systerns is to 
delay the recording of journal enrries until after the physical sequences have oc­
curred. The tenn backflush costing (a lso called delayed costing, endpoint cost­
ing, o r p ost-deduct costing) describes a costing- systen1 that delays recording 
cl1anges in the status o f a product being produced until good finished units appear; it 
then uses budgeted or standard cost" to work back-ward to flush out n1anufacturing 
costs for the unite; produced. t\n extre111e forn1 o f c;uch delay is to \vait untiJ sale of 
finished uni a. ha~ occtu-red. T:vpically, no recorJ of \vork in process appears in back­
Aush costi ng . 

In companies that adopt backflush costing, the follovving occurs: 

l. J\tlanagernenL wants a simple accounti11g system. D etailed tracking of direct 
costs through each step of the production system to the point of completio n is 
deemed unnecessary. 

2. Each product has a set of budgeted or standard costs. 

3. Backflush costing reports approx.i n1 ate ly the <;a n1e financial results as sequential 
tracking would generate. 

ff inventories are Jo,v, rnanagcrc; n1~1y not believe it wo1-tl1while to spend resources 
tracking cosr.:, through \1Vork in Process, Finished (~nods, and Cost of Goods Sold. 
Back.Hush costin g, the refore, is especially attractive in con1panics that have low in­
vento ries resulting fron1 JIT. BackRush costin g and sequential u·acking \vill al~o pro­
duce approx.i1nately the ~a111e rcsula.. ho,~·e,·e r, \Vbcn invento ry is present, provided 
invento ries m~1intain <;tab le values. Constant a1no un ts of costs " ·ill be deferred in in­
ventory each period. 

The follo,ving e"Xan1ples il lustrate hackflush costing. To underscore basic con­
cepts, \Ve assu1ne no direct 1nateria ls variances in any or che exa111ple . (\:Ve do, ho"' ­
ever, di~cuss vari;1nccs in :i c;cpara tc section follo"'ing Exa1nple l .) These exan1ples 
differ in the nurnbcr and placement or points at \\"hich journal entri es .,re n1a<le in the 
accounting systern to accunnrl are production costs or units (also call ed trigger points): 

I 
\ 

I 
I 
\ 

I 
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E xample 1 

Exatnplc 2 

Example :, 

N umber of 
Joun1al Entry 
rf riggcr Points 

) 

L 

Location of 
Joun1al Entry 
T1; gger Points 

I. P urchase of J1rcct m:n..:n.11., (al<;o c:1ll1td raw 
marenab) 

2. Complct1on of good finished un it-. or proJuct 

1. Purcha!>e or r:l\\ ITI<Heria l-. 

2. Sale of good fi ni.,hed u11 1t'> or pro<lucr 

1. Compleoon of goo<l finisht.!d uni~ of product 

CONCEPTS IN ACTION 

Implementing JIT Production and 
Backflushing at the Ea~on Corporation 
In the late 1980s, the Eaton Corporation's plant in Lincoln, Illinois, was in trouble. A few 
short years later, this plant, which manufactures breaker boxes, safety switches, and 
meter centers, is booming. The key reason? Implementing the demand-pull JIT production 

system in place of the push-through 'VIRP system to streamline and sim-
plify the production process. The Lincoln plant changed its physical layout 
to form cells, trained its workers in multiple skills, emphasized quality, and 
reduced manufacturing and setup time. Inventory was reduced by a third. 
But it did something else. It gave up-to-date information about customer 
orders, quantities in inventory, due dates, and financial results to teams of 
workers, empowered to operate the cells. Workers in turn dec ided what to 
work on, and who worked where, vv'hen, and for how long. 

The plant controller, Al Houser, and his staff devised backflushing as 
an elementary way to t rack inventory in the new JIT environment. Rather • 
than report on the flow of raw material and work in process through 15 or 
so manufacturing steps, the staff calculates product costs only when the 
product is completed and ready to be shipped. Gone is the tedious ac­
counting of work in process. Eaton uses information from the bi ll of materi­
als about the material content of every finished item and data from the list 
of operations performed to adjust inventory downward automatically 

The shipping dock prints bar-coded documents for each customer 
shipment. That single document backflushes inventory, creates the necessary accounting 

entries, generates customer invoices, and drives the computerized manifests for Eaton's 
freight carriers. Simultaneously, Eaton's divisional sales headquarters in Milwaukee re­
ceives the accounting information 1t needs in one transaction 

The results from JIT have been impressive. In a 3-year span, tl1e plants breakeven 
point has come down by 18%, its gross margins have become stronger, and its labor pro­
duct1v1ty has increased 26o/o. It can now fulfill a customer order 1n one day ra ther than five 
and has only once missed its goal of shipping 95% of its products on ume. 

Source Adapted from P Houston, "Old System, New life. Eaton Corpnration Uttl1zes Jui;t in Time M anufactur­

ing," Corporate Computrng, November 1992. 

Example I: Trigger Points Are Mate1;als 
Purchases and Finished Goods Completion 

This exarnplc use'> l\\ o trigger points to ill ustra te ho\\ b a<.;k/lush ing can 1.. li n11natl.! the 

need for c"I scp:lnll t \\ ork in Pn u.:cs-; acco unt. \ h}11otht. t1 t;1I c:o111p.un . ~d1 c:on \ 'allt::) 

. II 
-

• 

OPERATION ::OST NG. JUST· 1 
IN-TIME SYST l'lS ANU 727 

BACK=LUS ')STING 
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728 I CHAPTI H 20 

( ,1>11t pt1ll'l'("i\C ) pr11d11cc'> l<l\l>11;1nh l1n pc.:rs1Jn:tl co111p11tc..:r~. l•"r Apri l, thl:rc \.\'trc 
1tr1 lit g111ning ttl\t.:1111iric..:s ()f ra" 11i:tll1 rnl'>. \rl<Jn;r1vcr, there is zeio l1cginning a11cl 
c1 1rl1111• \\01 I. i11 pnil'C!<>'i. 

~ \'( 11.1-. 1J11ly 11tH! d1rcc1 111:111ul":iLturing <.:11sl c.:atcgo1 }' (din:cL <JI raw 1naLcrials) 
and one i11din·c1 n1:11111f:1<.t11ring cos t ( at.cgr>r} (u1ll\ cr-.1on LO'>I<,). \II h1b<i1 t<JSlS at 
the.: 111;1111d.1t 11ir111g l'acilit} :ire 111cl11dcd 111 ( 1111\c..:rsi1i11 L1>'>l'-. J rr1111 II''> hill of 111::itcrial'i 
(rlc·<,c ripuon ol tl 1c l}J>L''- a11d q1rn111ittl:'i 11l 1n.1u ri~il-.) .ind ,JJl npcralJ<Jl l !<> li st (dco.,crip-
111>11 nl 11pc1.11io11'> 111 he 1111dcrg1111l),.)\r(. de t t.; 1·11iinc-. th<: l\pri l .. rnndard din!tl 1r1a­
tL1 ial.., Lu.,h pu l·cyl111arcl 11nit ul \l'J :111cl 1hc -. t:111da1d c11nv1...rsH>n costs of$ 12. SV( : 
ha-, IWll inv<.:111111'\' ... UJllJllS: 

• 

·1 ypc 

C .11111l1111cd cl111·< 'I 111.1h..-i.1b ,111d .111y dtn·ll 
lllllll 'Ji,1ls Ill 11<11 k Ill pl<Kl'\'i 

l•iw..,Jit•d gn11d~ 

Account ·1 ir l e 

l11 1·i.:11111t) Raw and l11- l' rr1t'c'>'> <.0111rol 

Frrn'>hcrl ( ,u<Jds ( ,on1 r<J) 

' !r igger 1'"1111 rile 111·.., \.d1L'll 111;t1Ln:ils an.: p11rc:h8s1:d. ' l'ht:"ic costs arc c:h~1rged 
10 I 11Vl'lll<il )' ICt\A .111d I 11- l' nH'l'.,., ( ,11n11nl. 

;\ct uni t nn v<.:rsi un ( n 'tls an.: rcLon lc d a., JfH 11rn.:d 1111dtr h<1ck lluc;h C.:CJ'> ling, ju"i l 

,1s in 11thcr t<1~t111g "}sll.: 111..,, .111d charged"' ( .. 1111\t·r.,i1J11 ( .. osl'> (.'>ntrol. (.onversi<Jn 
cost-. .ll'L' allocated to p111clu<.t.., .11 trigµL1 point Z the trausfor of unit '> Lo Finished 
( ;ciod.,. ' I his c.:x:1111pk .h'i11111e·s th a t 11111k1 or 11vera llo('a lcd c.onv<.: rsion <:O'i t S art: 
WI illLrl off to l<l'il of IJCHHl'i vild lllfllltlil y. 

~ VC, t:tkt:'> t ht: f11ll1>v. ing !<>t<:ps whc:11 ;1ss ig 11111 g c ris is 10 ltnit'> sold and to invc:n­
t lll"IC'i. 

~t<..p I Pt tord the f)irc' 1 • Is Purchased l)ur:ing the t\ccounting Period 
/\ss1111H.: J\p1 ii pun:li <.l'>C'i of 'b I .'JS0.000: 

I nlry (a) l11vnntnry· R;1w and In Process Con trol 1,950,000 

/\ccounts Payable Control 1,950,000 

S1cp 2: .. oni ilu In· ·nc:c or c:onv<: 1 t , I [)udng the Accounting 
Period /\o., . .,1 11n l' t h ;11 rt>11Vl r-.irin coo.;1.., arc$ I 1260 ,000: 

Entr f (b) Conversion Costs Control 1,260,000 

Vanous <JC .. counts (such as, Acccm111s 
Payallle Co11 1rol ;n1d W<Jyw,; Priyri lile) 1.260,000 

S1cp 3: J>ctcnninc die Nurnhcr ,,r I • ,• l I'> i\1anufa< 1 I J)uri ,_~ 1 

'"c•· unti11g Period \o;..,111H1: 111:11 100,()()() kt:)h<1,11d 1111 iL'> w<.:r<.: 111,111ur;H.: t11rc cl 111 
t\pi 1 I. 

1.:.(( I' l: ('.0111pu L rhc Budgctl'tl or ~ta1 I .i (,ost .. I I •• , J r i •· 11 ~d Lrnit ·rhc 
'>Ltndard r"l>'tl 1.., ${ I ($1'J din:t I 11iatcrials I l!il) t1111rc r<,1011 co'i l '>) p 1:1 1111it. 

Step 5: J~ccord the (.0 .. 1 ( .; eel ( I r p I ) iring the . •JIU·­

in~ l <.: 'od 111 th is ca ... e, 100,IJ()(J 1111its /$) I 5d.JllO,<HHJ I hi-. 'tll:p g 1\<.:'t liack-
1111-. h (,1..,t 111g its 1i.1111c. l lp Ill this 11111111 111the11pcr.11io11<,, the l.IJ '> l ., h.1vc not bcc:n 
n:con lt·d '>t.:!jllt:llti ill y with 1he l!rn\ ,,f produtl al1111p its pn1duc.:u1ir1 ro111c. lns tcad, 
tli t: Olll Jlll l t1 1ggL'I l"Ci1dtc't J1,1l'k :tlld p1dl-. I ill• <,(;1 11d .1 rd lll'.'il'> 111d1rc.:Ll111<1len:iJ ., l"r<Jlll 

f 1n c1 1tur) · R,I\\ and I 11 - 1'1 r1t·c-.s and t ltc -.1.111d:1nl Lon' L'r,i"n r11 ... 1s Ii 1r 111;111uf:1(ll1ring 
til t: Ji l1hhLd go11cJ .... 

Entry (r.:J fl11ishctl Goods Control 

Inventory Raw ilnrl In-Process 
Co111rol 

Conversion Costs Allocatr~d 

3, 100.000 

1,900,000 

1.200,000 
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Step 6: Record the Cost of Goods Sold During the Accounting Period As­
sume that 99,000 units were sold in April (99,000 unit!> x $3_1 = $3,069,000). 

Entry (di Cost of Goods Sold 3,069,000 

Finished Goods Control 3,069,000 

Step 7: Record Under- or Overallocated Conversion Costs 1\ crual conver­
sion costs may be under- or overallocated in any given accounting period. Chapter 
5 (pp. 140-144) di cussed various ways to account for under- or overallocated 
n1anufacturi~1g overhead costs. Many companies write off underallocations or 
overallocar;ons to cost of goods sold only at year-end; other con1panies, like SVC, 
do so n1on th ly. Con1panies that use back.flush costing typically have lovv invento­
ries, so proration of under- or overallocated costs between finished goods and cos t 
of goods sold is less often necessary. T he journal entry for the $60,000 difference 
between actual conversion costs incurred and standard conversion CO) tS illlocated 
would be 

Entry (e) Conversion Costs Allocated 

Cost of Goods Sold 

Conversion Costs Control 

The April ending inventory balances are 

Inventory: Raw and lo-Process 

Finished Goods, 1,000 units x $3 1 

Total inventories 

1,200,000 

60,000 

1,260,000 

$)0,000 

31,000 

$8 1,000 

Exhibit 20--t, Panel A summarizes the journal entries for this example. Exhibit 
20-5 provides an overvie~r of this version of back.flush costing. The elin1ination of 
the typical Work in P1 ocess account reduces the amount of <letail in the accounting 
system. Units on the production line may still be tracked in physical tenns, but there 
is "no attaching of costs" to specific work orders as they fl o, .Y a lo ng the production 
cycle. In fact, there arc no vvork orders or bbor tin1e tickets in the accoun ting sys­
tem. Ch::11npion Tnternacion<1l uses a methoJ similar to Exan1plc l in its spcci;1 lty pa­
pers plant. 

Accounting for Variances 

The accounting for variances betv\'een actual cost<. incurred and '>t;1nd.1rJ co-,t~ al­
lowed and the di!>positiun of variances is basically the sa1nc under all '>t.1nJar<l cost­
ing sy4'tcms. The procedures are described in Chapter!> 7 .1nd 8. f n Fxa·nple 1. -.up­
pose the direct 1natcrials purchased had an unfaYorahle price \'ariancc of G;.+1,000. 
Entn (a) \\ oulcl then he • 

Inventory: Raw and In-Process Control 

Raw Materials Price Variance 

Accounts Payable Control 

1,950,000 

42,000 

1,992,000 

Direct Jl1:l lCrials nrc often a large proport ion or l<>t~11 ll1:111llrac.:ruring CO'itS, 
c;on1 et in1 cc; ovt.: r ()() 'Yr,. (~on !!>eque ntl y, 1nany co1npaniei, wi ll :1 t le:l'>t tnc:a..,ure the Ji reel 
n1atcrials effi ciency variance in (OUJ I by physica l! ) con1p;1ri 11g v,,hal rL·rn;1ins in din:cL 
ITl aLerials inventory :igainst what should DI.:! ren1aining, given the output or tinished 
goods for the ~1 cc.:o unLing peri od . ln our exa111plc, '>t1pposc.: th<ll '>Lich a con1pa r ii.,on 
showed an unfovorablc 111:Heri <1 ls effi ciency varianc<.: of $(J0,000. I hL journal <.:ntry 
\VOtdd he 

Raw Materials Etticiency Variance 

Inventory: Raw and In-Process Control 

90,000 

90,000 

'fhc under- or overallocatt:d inanufacturing overhead co...is 111\1\ h1.. ~plil into \':11·i 

ous overhead va nanccs (spcnd1ng variance, cffic1cnC) \,1n,1nc.:c, .1nd prodult1011-\olu111e 

OPERATION CJSTING. JUST· 
IN TIME SYSTEMS. ANO 

729 BACKFLUSH COSTING 
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EXHIBIT 20-4 
Journal Entries in Backflush Costing 

PANEL A. EXAMPLE 1: ~r'1VO TRIGGER POINTS: Pl.TRCl-IASRS OF RAW MATERIALS 
AND FINISl-IED UNITS PRODUCED 

T ransactio ns 

a. Purchases of raw 1naterials 

b. Incur conversion costs 

c. Finished units produced 

d. Fini.;hcd units sold 

e. Under- or overallocated 
conversion costs 

• 
Tnventory: Raw and In-Proce~s Control l ,950,000 

Account:. P:iyable Control 

Con1•ersion Costs ConLrul 1,260,000 

\ ?anous Accounts 

Finished Goods ConD"ol 3,l 00,000 

Inventory: Raw anJ In-Process Control 

Conversion Co~rs Allocated 

Cost of GooJ~ SolJ 3,069,000 

Finished Goods Control 

Conversion Co'lts Allocated l.200,000 

Cost of Goods Sold 60,000 

Con,·ersion CosL'> Control 

PANEL B, EXM1PLE 2: T\VO T RIGGER POINTS: PURCI-IASES OF RA'\V MATERIA.lS 
AND FINISHED UNI~rs SOLD 

Tran sactions 

a. Purchases of raw materials 

h. Incur conversion cnsts 

c. Finished uruts produced 

d. Finished units sold 

c. Under- or ovcra llocau.:J 
convers io n costs 

In ven to1y Control 

Accounts Payable Control 

Conversion Cos1<: Control 

Various AccounLc; 

Cost of Goods Sold 

lnvenrorv ContTol 

Conversion Cose. .\!located 

Con vcrsino Cust-; AJ loc;J red 

Cost uf Guu(h Soltl 

Con\'er~1on Costs Control 

t ,950,000 

1,260,000 

No entry 

3 ,069,000 

J, l R8,000 

72,000 

PANEL C, EXAMPLE 3: ONE T RIGGER POINT: FINIStIED UNITS PRODUCED 

·rnuisactions 

a. Purchasl!s of raw materials 

Ji L1cur convi.::rsion CP!> l S 

c. F!fl1shcd uni ts produced 

d. Fin ishcJ un11 ~ sold 

c. Under- or ovt·rallocated 
COl1VCl"illlll UIS(S 

No cncrv 

ConYersion Co~h Control 1.160,000 

VHrious Account-, 

Fim~hcd G-ood-; Control 3,100,000 

Accounts Payalile Concrol 

Convt:rsion Costs _\Jlncated 

Co:-.t of Good'> Sult I 3.069,000 

Fi111 ... hed Good" Cuntrul 

Conversion Cu-.r-; \!located 1.200,000 

Cost of Goods Sold 60.000 

Conversion Cosb Control 

1,950,000 

1,260,000 I 
1,900,000 I 
1,200,000 

3,069,000 

1,260,000 

1,950,000 

1,260,000 

1.88 1.000 

1, 188,000 

l ,160,000 

1,260,000 

l ,Q00,000 

I , ~00.000 

3,069,000 

L,260.000 
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EXHI BIT 20-5 
Overview of Backflush Costing, Example 1 

Inventory: 
Raw and In-Process Control Finished Goods Control Cost of Goods Sold 

Direct 
Materials --+ (a) 1,950,000 (c) 1,900,000 (c) 3, 100,000 (d) 3,069.000 -. (d) 3,069,000 

Balance 50,000 Balance 31,000 

Conversion 
Costs 

Conversion Cost A llocated 

(e) 1,200,000 I (c) 1 ,200,000 

Conversion Costs Control 1 
(b) 1.260.000 I (e) 1.260,000 

variance) as explained in Chapter 7 and 8. Using assun1ecl numbers for the inJividuaJ 
variances, eno·y (e) for the underallocated overhead of $60,000 '"rould then be 

Conversion Costs Allocated 

Conversion Costs Spending Variance 

Conversion Costs Production-V:>lume Variance 

Conversion Costs Efficiency Variance 

Conversion Costs Control 

1,200,000 

20.000 

50,000 

10,000 

1,260,000 

If a co111pany holds minllnal vVork in Process invento1ie~, the backAush approach 
described in Exainplc 1 closely approximates the costs computed using sequential 
tracking because the approach in Example 1 ha~ no vVork in Process in,·entorr ::iccount. 

Example 2: Trigg·er Points Are 
Materials Purchases a11d Finished Goods Sales 

T his exan1plc, nlso based on SVC and using the s2111e data, presents a hnckflu <; h cost­
ing systen1 thal, re lative to Example 1, i!:i a n1ore dran1atic deparlurc fro111 a sequen­
tial u·acking inventory costing system. The fir<;L trigger poirn in thic; exa111ple is the 
san1e a!:> the first tTigger point in Exa1nple 1 (the purchase of direct 1n;:itenals), but the 
<;econd nigger point i<; the c;a)c-not the co111plcted 1nanufocn1re or finished units. 
Tc>yota 's cost accounting at its J(entucl1· plant is sitnilar to this t} pc of coc;ung sys­
tem. There arc l'\\'O 1uslilic:ations for this accounting S\'>tern : .._ . 

+ 'Jo rc1nove the incenti' e for inanagers to produce for 1n\ cnt<H}. Jf the v.1luc of 
fini shed goodc; i11\ ent<>I} i'lcludes con\·er;1on c:o-.t..,, 111.1n;1gcr.., can hol.,ter oper­
ating incotne hy producing more units than arc snld. l la\'ing trigger point 2 as 
the sn lc instL.1d or the con1pletion of production, ho'\ ever. reduce.., tht: attrac­
tiveness of producing for inventory by rccord1n~ conversion co-.is ~1.., period 
CO'>l.., in.., tead of capitali1ing the111 as in\ entorial1le co..,t'>. 

+ l<J i ncre<l"l! 1nanagero., ' focus on selling units. 

' l hi <; vari;Hion of h;1cldlu'>h costing ic:; -.01netin1t:'i <:a iled "..,upc1\';1ri;il dc coc;cing" 
or "through put <.:O'iling" .1ncl is described in Chapter 9. Tht: appro:1ch 111111H.~di:1tely 
expenses conversion cost..,. Allied Sign;1 I Lin1 iLcd, ~kclrncri,;dn l c.:, Llnitc.:d T<1ng<lor11, 
uses this approac.:h. 

The inventory accounl in this cx;11nplc '" c:onf1ned o.,olcly lo dirccl lll •llerialo., 
(\vhethcr they arc in storcroon1-., in proccc;s, or in hni.,hcd goods). ·rhl'n.! is onl} ont: 
inventory account: 

Type 

Com Inned dtrL<:l malcn.11-. 111\ cntorv .ind :1'1\ din:l·t 
m:1tl:n•1I-. 111 '' ork in prot·cs'> and l~ni-;hcd good-; 

Account ·ritle 

I 1n cntnr\ ( .unt rol 

(e) 60,000 

OPERATION COSTING. JUST-
IN-TIME SYSTEMS, ANO I 731 

BACKFLUSH COSTING 
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Exhihit 20-4. Panel B presents the joun1al entties in tfus cru.e. Entry (a) is 
pron1pted by t11 t: <;;J111e Lrigger point J as ll1 Exan1ple I, the purchase of direct materi­
<lls. Entn (h) for the conversion costs incurred is recorded in an identical manner as 
in Fx;1n1j)Je l. Trigger point 2 IS the sale or good finished w1its (not their production, 
as 1n Exan1ple 1), so t11cre 1s no entt-r corresponding to entry (c) of Exarnple 1. The 
cost of fint'iht:d units is con1puted only \\'hen tinishe<l units are sold (\vhich corre­
'>p<>nds to entry (d) or Ex<1mple 1): 9<),000 unit.'> sold x $31 = $3,069,000, consisting of 
direct materials (99,000 x $19 = $1.~81.000) and con\ersion costs allocated (99,000 x 
S, 12 =SI , l 88,000). 

Ko con,·ersion costs are inventoried. That is, co111pared to Exan1ple 1, £,'{am­
ple 2 doc<; not attat.h ~12,000 ($12 per unitx 1,000 units) of con,•ersion costs to fin­
ished goods in-,·entory. Hence, Exan1ple 2 allocates $12,000 less in conversion costs 
relat.i\e to Exarnplc I. Of the $1,260,000 in conYersion costs, $1, 188,000 is allocated 
<H '>tanclanl cost to the w1jts sold. The ren1aining $72,000 ($ 1,260,000- $1,188,000) 
uf conversion costs i!> unJeral locateJ. Entry (e) in Exhibit 20-4, Panel B presents the 
journal enn1 1f S\PC, like 1nany con1panies, writes off these underallocated costs 
nionthl~ as aJditions to cost of goods '>old. 

The April ending balance of Inventory Control i'\ $69,000 ($50,000 direct ma­
terials !>till on hanJ + S 19,000 direct rnaterials emboJied in the 1,000 units manu­
foctun.:d hut not -.o ld <lunng the periou). E.\hibit ~0-6 provides ::in over\riew of this 
version of backflush costing. Entries are kered to Exhibit 20-+, Panel B. The ap­
proach de<;cribe<l Hl E'xarnple 2 clo-.ely appro\imates the c:o'lts cornputec.J using se­
quential tracking 'v\ hen a con1pany holds nunin1al \\1ork in process and fini'lhed 
good<; inventories hec;1use the approach in Exan1ple 2 does not maintain these in­
vcn rory accounts. 

Example 3: Trigger Point Is Finish.ed Goods Completion 

-rhi"' exa1nple presents an exrren1e ;111cl '>in1plcr ,-crsion of backflush costing. It has 
only one Lrig~er point for inaking journal entries to inventory. The trigger point is 
S\1C's coinplerion of finished unit'>. Exhibit 20--J., Panel C prese nce; the journaJ en­
tries in thi!-> ca!'>e, using the san1e darn :l'i in F.x;1n1ples I and 2. Nore that since the pur­
chase of direct n1ateriab 1c; not <I trigger point. there is no entry corresponding to 
entry (a)-. purchases of <lirect rnaterials. Exhibit 20-7 provides an oven1ie\\' of this 
verc,ion ur batkllush CO'iUll!!,. Entnes arc keve<l (0 Exhibit 20-+, Panel c. 

~ . 
Compare entf! (c) in E.xhib1t 20-4, Panel (~with ent1·ics (a) and (c) in Exhibit 

20-4. Pi ne! A. The "iin1pler 'er..,1011 in Exa111ple 3 ignores the$] ,950,000 purchases 
of direct rnaterials !entry (a) of Example I , p. 7 301 . 1\t the end of April, $50,000 of 
direct rnateriab purchased h<l!'> not yet been placed into production ($1.950,000 -
S 1,900,000 = $10,000), nor h;t<; n been entered into the inventory co<;ting 'i)'Stcm. 
The Exa111ple 3 'er'> ton of b:ickllush costing i-; suitable for a JIT prnduction systen1 

EXHIBIT 20-6 
Overview of Backflush Costing, Example 2 

Direct 
Materials 

Conversion 
Costs 

Inventory Control Cost of Goods Sold 

(al 1,950,000 !dl 1,881,000 __ .,........,. (dl 3,069,000 

Balance 69,000 

Conversion Costs Allocated 

(el 1. 188.000 I (di 1. 188.000 __ ... 

Conversion Costs Control _J 
(bl 1.260.000 I (e) 1.260.000 

(e) 72,000 
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EXHIBIT 20-7 
Overview of Backflush Costing, Example 3 

FinishP.rl Goods Control Cost of Goods Sold 

Direct 
Materials 

(c) 3, 100,000 (d) 3,069,000 ~ (d) 3,069,000 

Convel'sion 
Costs 

Conversion Costs Allocated 

(e) 1,200,000 I (c) 1,200,000 

Conversion Costs Control 1· 
(b) , ,260,000 I (e) 1,260,000 

Balance 31,000 

Adopt JIT and Simplify Your Life as a 
Management Accountant 
Many companies adopting JIT production systems are reporting reductions in the com­
plexity and detail of their management accounting systems. The results of a survey of 22 
U.S. manufacturing companies implementing JIT support these claims. These manufactur­
ers were made up of 11 machinery, 7 transportation, 2 computer, and 2 consumer products 
companies. On average, the companies had begun converting to JIT 4 years prior to the 
survey. At the time of the survey, they had converted an average 63o/o of their plant opera­
tions and inventory systems to JIT. 

These are the key resu lts from the survey: 

1. Mean reductions in four key areas fo llowing JIT adoption were 

+ Number of vendors reduced by 67% 

+ Quantity of rework and scrap reduced by 44% 

+ Setup time for product changes on machines reduced by 47% 

+ Quantity in tota l inventory reduced by 46% 

2. The types of cost accounting systems in use were 

Type Before JIT After JIT 

Job costing 70% 30% 
Process costing 20 60 
Hybrid costing 10 10 

3. Cost accounting systems following implementation of JIT were 

+ Less complex 72.7°/o 

+ More complex 27.3°/o 

4. Eight of the 22 companies adopted backflush costing after implementing JIT, eliminating 
accounting transactions for the movement of materials to work in process. 

5. Performance measurement systems fo llowing implementation of JIT were 

+ Less complex 77.3% 

+ More complex 22.7% 

Source: Adapted lrom Swenson and Cassidy, "The Effect of JIT" Full c1ta11on 1s in Appendix A 

(e) 60,000 
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\nth virn1ally no direct 1naLeriab inventory and 111ini111:1I work-in-process invento­
rie-. ht:cause Exa1nplc 3 does nnl 111ainra1n these inventory accounts. It is less feasi­
ble othcrwi~c. 

ExLending l?xa1nplc i, b,1ckflush costing syste1ns could al-.o use the sale of 
finished good..; (instead of the production of fini!:>heJ gooJs) as the only trigger 
point. 1.his version or lh1cknuc;h coc;;ting \VOtdd be rnosl suitable for a J fT pr oduc­
tion svsten1 '' ith 1ninin1al Jirect 1nareriaJs, work in process, nnJ fi nished goods in­
vcnto;·it:s. \ \'hy? l1ec<n1se this hack.Dush costing syslen1 \vou ld n1<lj nta in no inven ­
tory accounts. 

Special Considerations in Backflush Costit1g 

The nccounting illu!:>trated in Exa1nples J, 1, ;1nd 3 does not !:>Lrictly adhere to gener­
ally accepted ~H.:countiog pri11c1ples of e'tern<ll reporting. For exarnple, "''ork in 
process (an asset) exists h11t is not recognized in the accounting systen1. t\ dvoca tes of 
b;1ckAush costing. ho"''e':er, cite the 1nateriality concept in support of Lhcse versions 
of backflushing. -rhc) clairn that if inventories ~1rc low or their total costs are not 
-,uhjccr to c;;ignific111t change fro111 nne accounting period to the next, operating in­
cnrne and invcnto1·y costs developed in a backftush costing systcn1 • .. vi ii not differ rna-
terially fro1n Lht: re!'>ults generilled b) a sy!-tlern that adhere::. to gener::i lly accepted ac- l 
counting principlcc;. 

Suppo!->e 1nateri<1l differences in operating incon1e and in \·entories do exist 
between the rec;ulrs or a back.flush coc;ting c;ysten1 and rhnse of a conventional 
st:in<lard costing S) sten1. An i1djustn1ent can be recnrdeJ to 1nake the backfJush 
nun1ber'> '>atii;fy exle111al reporting requ1ren1enls. For exa111ple, the backflush 
enb-ics 111 Exan1ple ~ 'vcn1ld re'>ulr in expensing all conversion costs as a part of 
(~n<it of Good'> ~old ($1, 188,000 ;H <;t:u1da rd cosu, + $7 2 ,000 " 'rite-off or un<ler­
a llocated convcr'lion co<;ts = $1.260,000). But suppns<: conversion costs were re­
gan.leJ a., '>ufficiendy 111;Heria1 in an1ount to be included in lnvento1y Control. 
Then enuy (d), clo<;ing Lhe C..on,·er<>ion c:o<;t<> accounLs, ,.rou ld change as shown 
below: 

O•iginal entry (d) Conversion Costs Allocated 1, 188,DOO 

Cost of Goods Sold 72,DOO 

Conversion Costs Control 1,260,000 

Revised entry (d) Conversion Costs Allocated 1t188,000 

Inventory Control (1.000 units x $12) 12,DOO 

Cost of Goods Sold 60,000 

Conversion Costs Control 1,260,000 

Cnticic;1n ... ur hackflush co ... Li11g· focu'> 111ai11ly on the ah<,CllCC of auclir trails-the 
.1bi l1t~ of the acc<H11111ng ... yste111 to pinpoint the U'>es or resources <ll each step of the 
produtrinn process. The ahc;;encc of h1rge a1nnuncs of 111;1tcrial<> ;ind \Vork in process 
U1\entory 111<:,J[l', Lhat 1na11;1gers can k.et:p track or operaLions by persona.I nhserva­
nnn<;, con1puter n1nn1tnring, :1nd nonfinanc.:1.11 111ea'>ures. 

\''h.ll .ire Lhc 11npl1cat1ons or JT1' and h;1c\.:flush costing syc,terns Cor acti\·ity­
h.1-.cd cost 1ng ( \J3C:J sy<;ll.!1ns:. ~1111plifying the produc:unn process, as in ;;i JIT sys­

rern, 111:1kes 111ore of thL cosb direct and so rcJuce ... the e.\.tcnl of O\·erhe::i<l cost allo­
C<ll1011-.. Sin1pl1ficd t\BC -.y•acnl'> arc ofren nJcqu;1n: for con1panies 11nple111enting 
_rrr. But e' en these si1nplcr .\BC: -;ysre111.., can enhance backflush costing. Costs from 
.\BC. 'i)'ste1n'> ~i\ t' rel.1rl\ eh 111nn: accurate budgetetl conversion cthts per unit for 
<lifferent pro<lucr.... which arc then U'it:d in rhe h.1ckAush cnsung c;ystc1n. 1, he activ-
1ry-h.1scd cost da1a nrc al-.o u-.eful for product co-,ung, decision n1,1k1ng, and cost 
I 11 ill1<.ll!;C111el1 L .. 
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PROBLEM Fl.JR SELF-STUDY . 

PROBLEM 
A Dallas manufacrw·ing company uses standard costs and an operation-costing 
system. It has a storeroo.1n and several buffer stocks of parts and in-process inven­
to.ries at various work centers along the production lines. No separate major cost 
category for direct n1anufacturing labor exists; all 1nanufactw:ing labor is a part of 
conversion costs. For sin1plicity, assume that there are no beginning jnventories 
and no standard cost variances of 111aterials. 

REQU1RED 
1. Prepare SUlnmaiy journal entries (without disposing of under- or overallocated 

conversion costs) based on tl1e following ua la (in Lhousands) for a given 

month. 

Raw materials purchased 

Conversion costs i.ncurred 

Raw materials used 

Conversion costs allocated 

Costs n·ansferred to fiJJished goods 

Cost of goods sold 

$35,000 
22,000 
30,000 
20,000 
47,500 

40,000 

For simplicity, you are not given tl1e data to prepare journal enu·ies for 
each underlying transfer fro1n, say, Work in Process, Operation l to Work in 
Process, Operation. 2 to Work in Process, Operation 3. Instead, assume that 
there is only a single account, Work in Process Control, that is supported by 
subsidiary Work in Process accounts for each operation. 

2. Post the entries in requirement l to T-accounts for lnventgries (Materials, 
Work in ProcessJ and Finished Goods), Conversi0n Costs Contr0l, Conver­
sion Costs i\llocated, and Cost of Goods Sold. 

3. The plant adopts a]IT production system and a backBush costing system with 
two trigger points for journal entries: the purchase of n1aterials and the con1-
pletion of good finished tuuts. Prepare summary journal entries based on the 
same data as in requirement 1. Note, ho,vever, that the raw materials used ai1d 

the conversion costs assigned would be affected by the goods completed, not 
the work in process. Assume tha t 95 % of th e work placed in process is com­
pleted. 

4. P ost the entries in requirement 3 to T-accoun ts for Inventories (Ra'"' and 
In-Process, and Finished Goods) , Conversion Costs Control, Conversion 
Costs Allocated, and Cost of G oods Sold. 

5. Compare tl1e applicable inventory balances in requirements 2 and 4. Explain 
any differences. 

SOLUTION 
1. a. Materials 1nventory Control 35,000 

Accowi ts Payable Control 35,000 

b. Conversion Costs Control 22,000 
Various Accoun c:s 22,000 

c. \iVork in Process Conn·ol 30,00U 
Nlaterials Inventorv Control 

' 
30,000 

d. Work in Process Control 20,000 
Conversion Costs Al locateci 20,000 

e. Finished Goods Control 47 ,5 00 

Work in Process Con trol 47,500 

f. Cost o f Goods Sold 40.000 

Finished Goods Control 40,000 
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2. 

3. 

5. 

Materials Inventory 
Control 

Work in Process 
Control 

Fm1shed Goods 
Control 

(a) 35,000 (c) 30,000 

BalancP 5,000 

(c) 30,000 (e) 47,500 

(dl 20,000 

(e) 47,500 (f) 40,000 

Balance 7,500 

Ba lance 2,500 

Conversion Costs 
Control 

(b) 22,000 I 

Conversion Costs 
Allocated 

I (d) 20.000 

a. lnvenron·: Ra\\ :'Ind r n-Process C..onrrol 35.000 

. \ccounts P:i\·:1 hie Control 

b. ( on\ ers1on Costs Control 22,000 

\ 'anrn1s \ ccount!> 

c. Fin15hed ( ;oods Control 47,500 

In\"COt(Jr\ : RJ" and L1-Process Control . 
(0.95 x 30,000) 

C..on\·ers1on Costs Allocatccl 

d. 
(0.95 x20.000) 

Cosr of (-;oods Sold 

FinisheJ Goo~b Control 

Inventory: 
Raw and In-Process 

Control 

(a) 35,000 (c) 28,500 

Balance 6,500 

Conversion Costs 
Control 

tbl 22.000 I 

i\tlatcrials inventory 

40.000 

Finished Goods 
Control 

(c) 47,500 (d) 40,000 

Balance 7,500 

Conversion Costs 
Allocated 

I (c) 19.ooo 

Sequential 
(Requi rement 2) 

$ 5.000 
Inventory: raw and in -process control 

'vVork in proces~ 

0 

2,500 

7,500 
7,500 

Su btota I 

flini .,hed goods 

111ta l ln' eniories 

l -n<lcralloca reJ conversion c 0 c;1 s 

C..nst of goods sol<l (at standard) 
~ 

$15.000 

$ 2,000 

$40,000 

' 

35,000 

21,000 

28.500 

19.000 

-+0,000 

Cost of Goods Sold 

(d) 40,000 I 

Back:flush 
(Requirem ent 4) 

$ () 

6,500 

0 
6,500 

7,500 

$14,000 

$ 3,000 

$4-0.000 

Cost of Goods Sold 

(f) 40,000 

' f he $1,000 difference in inventories is e.".-plai.ned by the accounting for con­
\ ers1on cost'>. Conversion costs assigned in operation costing '"'ere $1 ,000 greater 
than con,·er-;ion co <> ts allocated under backfl.ush costing because the o·igger point 
for as~igiunen t is work in process, not fi11ished goods. 

fo case co1nparisons between die journal entries for operation costing 
an 'l backllush costing-, the nu1nbers used for the \·arious inventory balances are ... . 
identical cxcepr for 1.he $1,000 difference just explajned. A.d,·ocates of J IT 
using backflush costing, ho"·e, er. maintain that inventories ... vould decline sub­
<;tantiaU) under JIT, parLicularl-y invenLories of ra\v nlaterials and ,~·ork in 
proccs~. 
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The following points are linked to the chapter's learning objectives: 

1. Each output unit can, in some extre1ne cases, be classified either (a) as a distinct, 
identifiable urut of a product or service, or (b) as identical to nw11erous other units 
from that production systen1. A job-costing systen1 is "veil suited to a production sys­
tem yielding the first type of products, \Yhile a process-costing system is well su ited 
to the second type of products. Many production systerns have elen1enrs of both (a) 
and (b), the rnix of which changes over ti1ne. I-Iybrid costing systen1s, such as opera­
tion costing, are blends of characteristics fi-on1 both job-costing syste1ns and process­
costing sy~tems. 

2. Just-in-time (JIT) systems streani line the production process and minimize in­
ventories. JIT systems sit11plify job costing by delaying the recording of costs unti.I 
after the goods are completed or sold. 

3. Operation costing is a hybrid costing syste1n applied to batches of si1nilar prod­
ucts. Production costs a.re compiled for each 'vork order that will be made up of two 
or more sin1iJar (in many cases, homogeneous) units of a product. 

4. Journal entries in an operation-costing systern focus on a work-in-process ac­
count for a batch of similar products. As the batch proceeds through various opera­
tions, direct costs (typically direct tnaterials) are assigned to \vork in process, as in a 
job-cosliog systen1. vVithi11 each operation, all product units are treated exactly alike, 
and conversion costs per unit are calculated as in a process-costing system. 

5. Just-in-tin1e production is a system in which each con1ponent on a production 
line is produced in1mediately as needed by the ne~Yt step in the production line. 

6. The five major featuTes of a JIT production syste1n are (a) organizing production 
in ruanufacturing cells, (b) hiring and training multiskilled 'vvorkers, (c) en1phasizing 
total quality inanagen1ent, (d) reducing inanufacn1ring lead ti1ne and setup time, and 
(e) building strong suppUer relationsh.ips. 

7. Journal entries in a back±lush costing syste1n are not rn.ade sequentially to n1atch 
the flow of a product jn a plant. No journal entries are made for work in process. 
The accounting systen1 does not record details of the ch~1nges in a product being 
produced until at least finished units appear. Working back-ward, budgeted or stan­
dard costs are used to assign manufacturing costs to products. 

TERMS TO LEARN 

This chapter and tbe G lossary at the end of this book contain definitions of the 
following important terms: 

back.flush costing (p. 726) 
delayed costing (726) 
endpoint costing (726) 
hybrid costing system (718) 
just-in-ti1ne (]IT) production (722) 
just-in-time (]1T) purchasing (724) 

manufacturing cells (722) 
operation (718) 
operation costing (719) 
post-deduct costing (726) 
sequential tracking (726) 
synchronous tracking (726) 

• A S S I G N M E N T M'A T E R I ~ 1i·· 
QUESTIONS 

20-1 "Hybrid production systen1s develop because there are hybrid costing 
systen1s." Do you agree? Explain. 

SUMMARY 

OPERATION COSTING, JUST· 
IN-TIME SYSTEMS, AND 

737 BACKFLUSH COSTING 
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20-2 "()perations and deparunents are synonyms." Do you agree? 
20-3 "Operntion costing 111eans that conversion costs and 1111u71tfnct11ring overhet1tl a.re 

synony1n'i." Do you agree? Explain. 
20-4 (;i~e tbree exan1ples of industries that are likely to use operation costing. 

20-5 JJcnttfy (a) the n1ajor joh-costing feature of operation costing, and (b) the 
1naior process-costing feature of operation costing. 

20-6 Explllin 'vhy JI~! production systems simplify job costing. 

20-7 Distinguish a demand-pull fr@1n a push-through system. 

20-8 List five n1ajor fearures of JIT production systeJns. 
20-9 Describe four financial benefits of implernenting a JlT systen1. 

20-10 Describe ho'v JIT systems affect product costing. 
20-11 Distinguish between the sequential u·acking approach used in n·aditional 

budgeted or standard costing systems and the approach used in backflush 
costing. 

20-12 D escribe the essence of baclcAush costing. 
20-13 Companies adopting backflush costing often meet ili.ree conditions. De­

scribe chese tliree concLitions. 
20-14 Outline how three different versions of backflush costing can differ. 

20-15 "BackAush accounting should be prohibited. It is not in conformity with 
Gt\AP." Do you agFee? ExpJain. 

EXERCISES 
L!l 20-16 Opei·ation costing. The Gabriel Corporation produces a standard-sized 
I I windo'v in four operations-frarning, assembly, staining, and painting . The 

~rindo,vs differ in the type of wood (p.ine, oak) and glass (regular, tempered) 
used. I 'he framing and asse1nbly operations are co.mmon to all windows, but 
thereafter they are either stained or painted but n<:>t both. The total conver­
sion costs for the monili of Jw1e are 

Framing Assembly Staining Painting 

Total conversion costs $75,000 $ I 05 .000 $36.000 $'i4.000 

T here is no beginning or ending i11ventory of windows in the monili of 
June. A total of 3,000 "vindows are produced in June, half of which are 
~tained and half of which are painted. The conversion cost for each unit 
passing through a given operation i.s the same. 

D etails of t\.vo \VOrk orders processed in June are as follows: 

Number or windows 
Direct maLeriaJs costs 

Finic;hing operation 

Rl .) ~ l I ,. 

Work Order 626 

50 

$5,500 

Painting 

°"'ork Order 750 

100 
$9,800 

Staining 

l. Tahulate the conversion costs of each operation , the tota l units produced, 
and the conversion cost per unit. 

2. Calcu late t.he total costs and t.he total coc;t per \vindov,' of '"ork order 626 
and "''Ork order 7 50. 

20-17 Operation costing, journal entries. The ()111aha Desk c:ornp<Ul)' specia 1-
11..t:S in n1aking desks or va rying ~hapes . lll:Jlerials, anJ sizes. It has a cutting 
operation, an ac;sen1bl) operation, and a staining operaLion. Sorne goods are 
sold un1;tained, so the~ do not go through the staining operation. c:onsider 
the folio\~ ing dalcl fo1 "l\lovc.:n1bcr: 
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H zo-1s 

Direct materials requisitioned by cu tting 

Dirccc m:itcrials requisitioned by '>taming 

Conversion co~ts of all operJtions (actual) 

Conversion costS allocated: 

C uuing 

Assembly 
St:i ining 

$200,000 

20,000 
190,000 

50,000 

11 0,000 

3 0,000 

Prepare the appropriate journal entries. Assume that there is no beginning 
or ending work in process and that all good~ are transferred to finished 
Goods. The total 111anufacturi11g costs of the products not undergoing sta in­
ing were $60,000. 
Operation costing . .... r he Pafko Con1pany, a sn1all inanufactu rer, 1nakes a va­
ri ety o f tool boxes. rrhe co1npany1s 111.anufacturing o perations and their costs 
for November were 

Cutting Assembly Finishing Total 

Direct manufacturing labor $2,600 $ 16,500 $4,800 $23,900 

Manufacturing overhead 3,000 22,900 3,300 29,200 

$5,600 $39,400 $8,100 $53, 100 

Three styles o f boxes \Ver e produced in November. The quantities and 
direct materials costs were 

Direct 
Style Quantity Materials 

Standard 1,200 $18,000 

l lo1ne 600 6,660 
Industrial 200 5,400 

$30,060 

The con1pany uses actual costing. It tracks direct materials to each 
style of box. It co1nbines direct n1anufacturing labor and manufacturing 
overhead and allocates the conversion costs on the basis of all product units 
passing through an operation. All product units are assumed to receive an 

identical amoun t of time and effort in each operation. T he Industrial style, 
however, does not go through the finishing operation. 

~ _r I • 

1. Tabulate the conversion costs of each operation , the total units produced, 
and the conversion costs per unjt for Nove1nber. 

2. Calculate the total costs and the cost per unit of each style of box pro­
ducea in Nove1nber. Be sure to account for all the total costs. 

20-19 Journal entries (continuation of20-18). 

H 20-20 

Prepare stLmmary journal enn·ies for each operation. F or simplicity, assun1e 
that all direct n1nteri·, )c; are introduced at t he beginning of the cutting oper­

ation. Also, assume that all units ""'ere t ransferred to :finished goo<ls when 
completed and that there was no beginning or ending work in process. Pre­
pare one sllffil11ary entty for all conversion costs incurred, but p repa re a sep­
arate enn-y for allocating conversjon costs in each operation. 

Operation costing. The Penske Company n1anufacrnres a variety of plastic 
products. The company has an extrusion operation and subsequent operations 
to form, trim, and finish parts such as buckets, covers, and automotive interior 
components. PlasLic sheets are produced by the exu-usion operation . Many 
of these sheeLS an:: sold as finished goods directly to other n1anufoctur ers. 

OPERATION COSTING, JUST 
IN-Tl~E SYSTEM~ A~JO 

BACKFLUSH Cu~ TING 
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1\d<litional direct materials (chemicals and coloring) are added in the finishing 
oµeraoon. 

'fhe company's manufacturing costs assigned to products for October 
\\'ere 

Extrude Fonn Trim Finish Totals 

Direct materials $650,oon $ 0 $ 0 $ 80,000 $ 730,000 

Direct manufuctunng labor 55,000 30,000 20,000 40,000 145 ,000 

\ 1a.nufac.:rurrng overhead 170,000 90,000 40,000 60,000 460,ono 
$975,000 $120,000 $60,000 $180,000 $1 ,335,000 

[n addition to plastic sheets, two types of automotive products (firewalls and 
dashboards) were produced: 

Plastic Sheet Additional 
U nits Direct Materials Direct Matecia.ls 

Plastic sheets, sold a frer exm1sion I 0,000 $500,000 $ 0 

fjrewails, sold after trimn1ing l ,000 50,00() 0 
Dashboards, sold after finishing 2,000 100,000 80,000 

13,000 $650,000 $80,000 

For slinplicity, assume that aJJ of the iterns and units produced receiv~d the 
same steps within each openition. 
r.~ ,, 1 • 1 , 

I . Tahnlate the conversion costs of each operation, the total units produced, 
and the conversion costs per unit for October. 

2. Tabulate the total costs, the uni ts produced, and the costs per unit. Be 
sure to account for all the total costs for October. 

20-21 Backflush journaJ entries and JIT production. The Lee Company has a 
plant th.at manufactures transistor radios. The production time is only a few 
m1nutes per unit. The company uses a just-in-time production system and a 
hackflush costing syste1n with two trigger points for journal entries: 

Purchase of direct (raw) 1nater.ials 
Completion of good finished units of product 

There are no beginning inventories. The foUowing data pertain to 
ApriJ manufacturing: 

l 

Direct (raw) materials purchased 

Direct (niw) materials u<>ecl 

Conversion costs incurred 

Allocation of cun\·crsion costs 

Costs transferred to finished goods 

Cosr of good~ .,old 

$ 8,800,000 

8,500,000 

-t,220.000 

4,000,000 
12,500,000 

11 , 900,00() 

1. Prepare summary journal entTies for April (without djsposing of llilder­
or overallocate<l conversion costs). Assume no direct n1aterials variances. 

2. Post the entries in requirement I to T-accounts For applicable Inventory 
Control, Conversion Costs Control, Conversion Costs Allocaced, and 
Cost of Goods Sold. 

3. Under an ideal JIT production system, ho,.v would the amounts in your 
journaJ entries tliffer froin those in require1nent l? 

20-22 Backflush costing and JJT production. The Acton Corporation manufac­
tures electrical n1eters. For August, there "vere no beginning inYentories of 
direct (raw) materials and no beginning an<l ending "vork in process. Acton 
U')es a JTT production 'i)'Ste111 and hackflush costing" ith t\VO rrigger points 
for making entries in the accountliig systen1: 
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+ Purchase of direct materjals debited to Inventory: Raw and In-Process 
Conn·ol 

+ Completion of good finished units of product debited to Finished Goods 
Control at standard costs 

Acton's August standard costs per unit are direct materials, $25; conversion 
costs, $20. T he following data apply to }\ugust manufaeturing: 

REQUIRED 

Direct (raw) materials purchased 

Conversion costs incurred 

Number of finished units ma11ufacrored 

Number of finished anitS sold 

$550,000 

$440,000 

21 ,000 

20,000 

1. Prepare summaiy journal entries for August (without disposing of under­
or overallocated conversion costs). Assume no direct n1aterials variances. 

2. Post the entries :in requirement 1 to T-accounts for applicable Inventory 
Control, Conversion Costs Conn·ol, Conversion Costs Allocated, and 
Cost of Goods Sold. 

20-23 BackBush, second trig·ger is sale. Assume the same facts as in 20-22. As­
sume that the second trigger point for the Acton Corporation is the sale­
rather than the production- of fu1ished units. Also, the Invento1y Control 
account is confined solely to clrrect materials, whether these inaterials are in 
a storeroom, in work in process, or i_o finished goods. No conversion costs 
are inventoried. They are allocated at standard cost to the uni ts sold. An~y 
under- or overallocated conversion costs are written off monthly to Cost of 
Goods Sold. 
REQUJRED 
1. Prepare summary journal entries for August, including the disposition of 

under- or overallocated conversion costs. Assume no direct .materials 
variances. 

2. Post the entries in requirement 1 to T -accounts for applicable Invento1y 
Contro.l, Conversion Costs Control, Conversion Costs Allocated, and 
Cost of Goods Sold. 

20-24 Back.Bush, one trigger point. Assume the same facts as in 20-22. Now as­
sume that there is only one n·igger point, the co1npletion of good finished 
units of product, which are debited to Finished Goods Con trol at standard 
costs. Any under- or overallocated conversion costs are written off monthly 
to cost of goods sold. 
RF\_JUIRE D 
1. Prepare s11m111ary journa l entries for August, including the disposition of 

under- or overallocated conversion costs. Assume oo direct n1aterials 
vanances. 

2. Post the entries in requirement 1 to T-accounts for applicable Inventory 
Control, Conversion Costs Control, Conversion Costs Allocated, and 
Cost of Goods Sold. 

PROBLEMS 
\/ 20-25 Operation costing, equivalent units. (CMA, adapted) Gregg Industries 

rnanufactures a variety of plastic products, including a series of molded 
chairs. The three n1odels of molded chairs, which are all va ria tions of the 
sa1ne design, are Standard (can be stacked), Del~ (~rith arms), and ¥.xe<;u­
tive (with anns and padding) . T he cor11paJ1y uses batch 1nanufacturing and 
has an operation-costing systenl. 

Gregg has an ~xtrusion operation and subsequent op~rations to forn1, 
trim, and fini sh th.e chairs.-Plastic sheets arc produced by the exu-usion oper­
ation, so ine of "''hich are sold directly to other manufacturers. During the 
forming operation , the re1narning pJastic sheets are 1nolded into chair seats 

OPERATION COSTING, JUST-
IN-TIME SYSTEMS. AND 
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and the legs are added. The Standard model is sold after this operation. 
Dwing the rrirn operation, the arms are added to the D eluxe and Executive 
moc.lels and the chair edges are sn1oothed. Only the Executive 01odel enters 
the finish operation, \Vhere the padding is added. i\ll of the units produced 
receive the same steps within each operation. 

T he May production run had a total manufacturing cost of $898,000. 
The wlits of production and direct materials costs Lncurred are as follows: 

• 
Units Extrusion Form Trim Finish 

Produced Materials MateriaJs Materials Materials 

Plastic 
sheers 5,000 $ 60,000 $ 0 $ 0 $ 0 

Standard 
model 6,000 72,000 24,000 0 0 

Deluxe 
model 3,000 36,000 12,000 9,000 0 

Executive 
nlodel 1,000 24,000 8,000 6,000 12 ,000 

16,000 $1 92,000 $44,000 $15 ,000 $12,000 

Manufacturing costs of production assigned during the month of May were 

Extrusion Form Trim Finish 
Operation Operation Operation Operation 

Direct manufacturing 
labor $152,000 $60,000 $30,000 $18,000 

Manufacturing 
overhead 240,000 72,0QO 39,000 24,000 

' ' 
l"r l 

1. For each product produced by G regg Industries during the month of 
May, determine (a) the unit cost, and (b) the totaJ cost. Be sure to account 
for all costs incurred during the month, and support your answerwjth ap­
propriate calculations. 

2 . Without considering your answer in requirement 1, assume that l ,000 
units of the D eluxe n1odel produced during May ren1ained in 
work-in-process at the end of the month. These units were 100% com­
plete as to materials costs and 60% complete in the trim operation. De­
termine the cost of the 1,000 uruts of the Deluxe model in the 
\vork-in-process inventory at the end of May. 

20-26 Operation costing with ending work in process and journal entries. 
The GaJvez Company produces two models of video recorders. The deluxe 
units undergo two operations. The superdeluxe units undergo three opera­
tions. Consider the follo ... vi ng: 

Direct materials (actual coses) 
Conversion cosrs allocated: 

Operation I 

Operation 2 
Operation 3 

T otal nlanufacturing costs 

Production Order 

For 1,000 
Deluxe 
Units 

$50,000 

20,000 

' 

For 500 
Superdeluxe 

U nits 

$54,000 

10,000 

? 

5.000 

? 

l. Operation 2 is highly automated. The budgeted conversion costs for 
19_7 were $100.000 direct manufacturing labor and $440,000 manufac-
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turing overhead. T he budgeted production for 19 _7 was 180,000 units. 
Each product unit receives the same conversion costs per unjt in opera­
tion 2. Co1npute the total costs of processing the deluxe products and su­
pcrdeluxe products in operation 2. 

2. Con1pute the total manufacturing costs and the unit costs of the deluxe 
and superdeluxe products. 

3. Prepare journal entries that track the costs of all 1,000 deJuxe units 
through operations to Finished Goods. 

4. Suppose that at the end of the year, 500 deJuxe uni ts were in process 
through operation l only and 300 superdeluxe uni ts "vere in process 
Uirough operation 2 only, but complete with respect to direct materials 
and conversion costs. Compute the cost of the ending work-in-process 
inve11tory. Assun1e that no direct 1naterials are ch arged in o peration 2 but 
that $4,000 of additional direct inaterials are to be charged to the 500 
units processed in operation 3. (Ignore end-of-year va rinnces.) 

20-27 Operation costing, set-vice sector, equivalent units. Union Bank uses an 
operation-costing system to determine the cost of opening two types of ac­
counts (a checking account, and a checking account with an overdraft facil ­
ity) and the cost of adding an overdraft facility to an existing checking ac­
count. Checking accounts are opened at the branch; overdraft facilities are 
approved by the Credit Depara:nent. Information for the month of March is 
as follows: 

Tota l service costs allocated to the account­
opcning and overdraft activity 

Branch 
Costs 

$7,200 

C redit Department 
Costs 

$14,850 

In March, the bank signed up 600 checking account customers and 200 check­
ing account custorners with an overdraft facility. Furthern1ore, 100 custon1ers 
added an overdraft facility to their existing checking accounts. Al t branch 
transactions related to opening accounts are assun1ed to receive an identical 
a1nount of tirne and effort. Similarly, the time and effort in the Credit Depart-
111ent to set up each overdraft facility are asswned to be the same. 
t r OL 1 PI· r 
1. Calculate the tota l costs and the unit cost in i\1arch for opening a check­

ing accowlt, opening a checking account with an overdraft facility, or 
adding an overdraft facility to an exi ting checking account. 

2. Suppa e that at the end of March, the Credit D epara11ent had not co1n­
pleted setting up 40 of the 100 overdraft facilitie for exi ting custorners. 
Credit processing was 25% complete \\itb respect to these 40 custon1er . 
There \vas no \vork pending in the CrecLit Departn1ent al the beginning 
of March, and the department had set up overdraft facilities for all other 
custon1crs who v:anted overdraft facilities during J\tla rch. Calcu late the 
total cost!> and the unit cost in March of opening a checking account, 
openjng a checking account with an overdn:ift faci lity, and a<ldi.ng an 
overdraft facility to an existing checking accow1t. 

20-28 Backflush costing and JIT production. The Ronowski Con1pany pro­
duces telephones. For June, there were no beginning inventories or raw ni.a­
terials and no beginning and ending work in process. RonOV\'c;ki uses a JJT 
production systen1 anJ backflush costing with n.vo trigger points for making 
entries in itc; accoun ting syste111: 
+ Purchase of direct (raw) materials 
+ Co1npletion of good finished units of product 

Ronov.rski's June standard cost per unit of telephone product is direct 
111ater ials, $26; conversion costs, $15. There are t'\.\' O invenloty accounts: 
+ f nvcntory: Raw and In-Process Control 
+ Finic;hed C"oodc; Control 

OPERATION COSTING. JUST· 
IN-TIME SYSTEMS. AND 7 BACKFLUSH COSTING 
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·r be follovring data apply to] une manufacturing: 

Raw maceriaJc; purchased 

Conversion cosr:s incurred 

Nun1ber of finished units rnanufacrured 

Number of finished units sold 

' 

$5,300,000 
$3,080,000 

200,000 

192,000 

1. Prepare crutTI.Illill)' journaJ entries for June ('"rithout disposing of under- or 
overallocated con\•ersion costs) . .,i\ssmne no direct materials variances. 

2. Post the entries in requirement 1 to T -accoants for applicable Inventory 
Control, Conversion Costs Conrrol, Conversion Costs Allocated, and 
Cost of Goods Sold. 

20-29 Bacldlush, second trigger is sale. Assu1ne the san1e facts as in 20-28. As­
sume that the second rrigger point for the Rono,vski Con1pany is the sale­
rather than the production-of finished units. Also, the inventory account is 
confined solely to direct materials, \\rhether they would be in a storeroom, jn 

~1ork in process, or in finished goods. 
No conversion costs are inventoried. They are allocated at standard 

co<:t to the units sold. Any under- or overallocated conversion costs are writ­
ten off inonthly to Cost of Goods Sold. 
I I iJ L IRI· I) 

1. Prepare sumrnary journal e11tcies for June, induding the disposition of 
under- or overallocated conversion costs. Assume no direct materials 
-variances. 

1 . Post the entries in requiren1ent l to T-accounts for app licable Inventory 
Cu11tr0l, Conversion Costs Conrrol, Conversion Costs Allocated, and 
Cost of Goods Sold. Explain the composition of the ending balaJ1ce of 
Inventory Control. 

3. Suppose conversion costs were sufficiencly material in amount to be in­
cluded in In'enrory Conrrol. Using a backflush system, show how your 
journal entries would be changed in requirement 1. Explain briefly. 

20-30 Back:Bush, one trigger point. Assume the same facts as in 20-28. Nov.1 as­
sume that there is only one trigger point, the completion of good finished 
unjts of product, ,,•hich are <lebited to Finished Goods Control at standard 
costs. Any under- or overallocared conversion costs are ~vritten off monthly 
to Cost of Goods Sold. 
RJ QL lRJ D 

1. Prepare sumn1ary jow·nal entries for June, including the disposition of 
w1der- or overaUocated conversion costs. Assun1e no direct materials . 
vanances. 

2. Posr the entries in requirement l to T-accouurs for applicable Inventory 
Control, \.onversion Co<;ts Control, Conversion Cost<: Allocated, and 
Cost of Goods Sold. Explain the composi tion of the ending balance of 
Invento~' Control. 

3. If you did Proble1n 20-28, co111pare and expJain any dilierences between 
the results here and those in Problem 20-28. 

20-31 Accounting for variances (continuation of 20-28). Suppose the same 
quantity of nnv materials had additional costs as follows: 

R ~ 1Rro 

Price t•ariance 

EfficienC\ \ ' :J ri:ince , 

$30,000 u 
70.QQ() lT 

1. Prepare -;u111n1ary io1u·nal enu·jes (\vithout eA.'Planations) to record the 
raw material \ariances. 

2. \sswne that lm<ler- or overallocareJ conversion costs are \\'ritten off 
1nonthly to Cost of Goods Sold. Prepare the pertinent sun1mary journaJ 
entry. 
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20-32 Just-in-time system s, ethics. Gail Daly, the plant inanager at Daisy Elec­
tricals calls Linda Anwar, the plant controller, into her office. She had just 
fin ished revie\ving Anwar's report on the financial benefits from implement­
ing JIT The report descrjbed the following annual benefits and costs. 

Annu tl e~rpecte<l benefirs from: 

Lr;wer investment in inventories 

Reductions io setup costs 

Reduction in cosrs of waste, spoilage, 
and rework 

Operating incon1e from higher revenues as a 
result of responding faster to customers 

Annual expected cosrs of implementing ]IT 

First Year 
After 

lmplementation 

$290,000 

110,000 

200,000 

180,000 

950,000 

Subsequent 
Years 

$350,000 

150,000 

250.000 

300,000 

750,000 

"We have been working on getting organized for JIT for aln1ost a year now. 
Some of the financial benefits you have computed seem optimistic t0 me. I 
don't think we are quite there yet, but if you continue to use the financial 
numbers you have, ·v.re would be forced to imple1nent JIT sooner than we 
should. Please look over the numbers and see what you can do. l think so1ne 
of the numbers are rather so&: anyway. I also understand that plant prof­
itability 1night take a hit in the year JIT is first implemented. I retire next 
year and I don't ~·ant to go ourwith a losing record." An\var is quite certain 
that her numbers are correct. She is also aware that Daly would lose most of 
her performance bonuses if plant earnings decrease ne:x.'t year. It does not 
seen1 fair to her that Daly should be penalized in the short term for 'vhat is 
in the Jong-run interest of the company. 
PI•QlJIRI IJ 
1. On the basis of A:nwar's report, calculate the effect of J IT in1plen1enta­

tion on plant profitabili ty in the first year after i1nplementation and in 
subsequent years. On the basis of An>var's repo.rt, should Daisy imple­
ment ]IT? 

2. ls Daly correct in characterizing some of the financial benefits as "soft." 
Which irems do you think she is referring to? If the benefits you identify 
as "soft" are not reali zed, should Daisy implementJIT? 

3. Is Daly being unfairly penalized if she implements JIT? \\·nat should 
Dal} do? \Vhat should An"'·ar <lo? 

COLLABORATIVE LEARNING PROBLEl\1 
20-33 Backflushing. The follu~·ing conversation occun·ed ben' een Brian Richard­

son, plant tnanager at Glendale Engineering and Charles Cheng, plant con­
troller. Glendale rnanufactures auton1otive con1ponent parts such as gears 
and crankshafts for }"!Utomobile manufacturers. Richardson has been ve1y en­
thu..,iastic about implen1enting JIT and about simpli fying and srrean1lining 
the producLion and oLher business processes. 

Richardson: "Charles, I 'voul<l like to substantially 'ii1npli fy our account­
ing in the nevv JIT environn1ent. Can't we just rccoru one accouJ1ting 
entry at the time \Ve ship products to our custo111er'i? 1 don't want to have 
our staff spending tin1e tracking inventory fron1 one stage to the next, 
"'hen \\C have as linle inventory as \\'e do." 

Cheng: "Brian, I think you are right about c;i111plifying Lhe accounting, hut 
we still have a fair a1nount of ra"v material an<l finished goods inventorr 
that 'aric~ from period to period depending on the dc111and for specific 
products. Doing away \vith all inventory accounting n1a} be a proble1n.'' 

OPERATION COSTING. JUST-
IN TIME SYSTEMS AND 
BACKFL~SH COSTING 745 
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Richardson: ''Well , you know n1y desire to sin1plify, si1nplify, simpli fy. I 
kno\\' that there are some costs of oversimplifying, but I believe that, in 
the long run, simpUficat1on pays big dividends. Why don't you and your 
staff o:tudy the issues involved, and I wiU put it on the agenda for our next 
seni '>r plant management meeting." 

~ "-- . 1() .s 
F onn groups of two or rnore..stadents to complete the following requirements. 

I R~f) 

1. \i\·11at backflusb costing method would you recommend that Cheng 
adopt? Remember Richardson's desire to simpli fy the accounting as 
much as possible. D evelop support for your recommendation. 

2. Think about the three examples of back:flush costing described in this 
chapter. These examples differ with respect to the number and types of 
trigger points used. Suppose your goal of implementing backflush costing 
is to si1nplify the accouncing, but only if it closely matches the sequential 
tracking approach. \i\Thich backflush costing rnethod would you propose if 
a. G lendale had no raw materials or vvork-in-process jnventories but did 

have finished goods inventory? 
b. GlendaJe had no "vork-in-process or finished goods inventories but 

did have raw material inventory? 
c. G lendaJe had no raw material, work-in-process, or finished goods in­

ventories? 
3. Backflush costing has its criti.cs. ln an article in the rn.agazine Managernent 

Accounting, entitled "Be~rare the New Accounting Myths," R. Calvasina, 
E. Calvasina1 and G. Calvasina state: 

The per iodic (backflusb) system has never been reflective of the r e­
porting needs of a manufacturing system. In the highly standarctized 
operating environ1nents of the present]IT era, the appropriate system 
to be used is a perpetual accounting system based on an up-to-date, re­
alistic set of standard costs. For management accountants to backflush 
on an actual cost basis is to return to the days of the outdoor privy. 

Cornn1ent on this statement. 
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Manufacturers are demanding 
more-frequen t de liveries wlili , 
shorter purchase-order lead times 
fron1 their supplie rs. To better er­
vice the companies whp use their 
automotive product s, ljlannan­
Motive has invested in rtew infor­
mation systems and tet lu1ology. 
Better coordination and fast~r re­
sponse times are helpihg .Harman­
M otive and its custom ers to reduce 
invent@ry levels. 
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LEARNING OBJECTIVES 

After studying this chapter, you sh ould be able to 

1. Explajn why cost management of materials is pivota.i in 
many organizations 

2. Identify five ca tego.ries of costs associated ,;yjtb goods 
for sale 

3. E xplain the econonuc or der quantity (EOQ) decision 
model and how it balances ordering costs and ca rryi ng 
costs 

4. Explain theJeorder pojnt and safety stocks 
5. Discuss why EOQ lnodels are rarely sensitive to rninor 

variations in cost predictions 
6. D escribe the potential conflicts that can arise between 

EOQ decision n1odels and models used for perforn1ance 
evaluation 

7. Compare EOQ and just-in-tin1e (JIT) purch asing 
rnodels 

8. Detennine the relevant benefits and relevant costs in 
JIT purchasing 

9. Identify relevant benefits and relevan t costs in JIT pro­
duction 

l 0. D escribe m easures for evaluating ]IT production per­
forman ce 

1 
;>.. 

,. 
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· :.~ TIVE 1 

Fxphin' h) cusl manage­
ment of 11111teri:Jl!. ii. pivotal . . 
111 mn 11~' orga n 1zanons 

,,,_ , 

Inventory managen1en t £ llCon1pas~es rhe planning, org~1nizing, and control activi­
ties t.h~ll focus on the Aovv of 1naterials and inventory into, d1rough, and from the 

organization . i\llany decisions fa ll under tl1e inventory 1nanagernent urnbrella. \,\'hen 
is the hest rime co purchase rna[erials or 111erchandise? I l ow should purchasing 
arnu1ge1nents be structured? \\t11ich j., the best wav to handle materials or merchan-

~ -
<lise inventories, once they are received? 

i\ih1naging inventories and 1n at~ria l '> is in1pnrtant beca use, on average, the costs 
of 111ater:iah. account for n1ore th~1n 50% of total costs in 111anufocturing con1panies 
and over 70% of totaJ costs in retail con1panies. i\llanagcr<> respond to the high costs 
of 1na1eriab and invento1y in severnl ""ays. In the last chapter, vve saw 1nanagers 
adoptrng]1T systems to reduce in,·entory. i\rlanagers alc;o focus on reducing the pur­
chasing costs of 1naterials. ~rhc 1990s have seen General l\lotors (G1\ll) dcn1and dou­
ble-digit percentage price Cllt.'i fro111 lt'i 'iuppliers. c;eneral E lectric (GE) recently an­
nounced rla rget 10, :u1 initiaEivc that ain1s to cut (;E's costs or purchases by lOo/o. To 
achieve tbese goals, G~1 and GE ha' e offerec..I to assist suppliers in reducing costs, 
and those suppliers who fail to cooperate \Viii probably lose business . 

. .\ccounting infonnation can play a ke) rnle in inventory n1anage tnent. T his 
chapter illustrates the iinportance of accounting infnrrr1ation in rwo areas: 

1. The 111anagen1ent of g·oo<ls for ::.:1le in r..:!t~1i l organizations 

2. The management of rnaterials, 'vork in process, and finished goo<ls in organi­
Z<ltions with n1anufacruring operation.., 

lnvento1y management i!-. of little concern in se rvice cornp:inies since these compa­
nies hol<l rninimal 111ateria ls and invenLory. , 

MANAGING GOODS FOF'-SALE lN RETAIL OilGANlZAT ION~ 

O:SJECTIVE 2 

[Jentif) fin: cltegorics or 
tO!>t:. as::.ociated \\1th gnnds 
for s;1lc 

748 GHAPTER21 

Cost of goods sold n1easures die costs of inventory sold , including tJ1c coslS of pur­
cha~ing and m:inaging inventOrj. Co'>t or goods sold COJlS[itutes tJ1 e largest single 
co<;t iten1 for n1ost rern ilcrs. For exarnplc, I(.roger, a g roce1y retail store, reported the 
following breakdown of operations for 1994 : 

S::i 1 es 

Deduct cnst:.: 

Cosl of goods sold 

Selling, general .111d ;11l111inistrarion cnsLs 

Other co~ts. inlerec;t, .1nd nixes 

Total cosLs 

Net 1ncon1c 

75.8% 

19.7 

3.1 

l 00.0 ':{, 

rfhe paper-Lhin net inco1ne percent.1ge for I(roger, like other reta il grocery sto res, 
n1 cans th;lt better decisions r~g·arJing tJ1 e purchasing and Ul:lnaging or gooUS for sale 
can cause drarnatic percentage increases in net inco1nc. 

Costs Associated ""'ith Goods for Sale 

T he Follo\\·ing co~t caleg·nries are in111ortant \\'hen 111ant1tring in' entories and croods 
.... -- 0 '- b 

for sa le. 

1. P11rrhlfsing ro.1·ts: Purchasing costs cons1'it of the LO~ts oi gooc..ls acquired fro1n 
"uppliers i11duding i11cu111ing freight or rr;1nspnrtaci.011 cost<;. T hese costs usually 
1n::1ke up tJ1 e largest 'iinglc co<>t c~ntgor) of good5 for sa le. Di~counts for different 
purchase-order sizes ::i11d supplier credit tcrn1s ;1ffect purch ~l';ing costs. 

2. Ordel·111g co.1·1s: Ordering costs consi'>t of !lie cost~ of prepa1·ing and issuing a pur­
chase or<lcr. Related to the nun1ber uf purchu<>i.:: o rders processed are special process­
ing, receiving, inspection, ;111cl pa\111en1 co~ts. 

3. G't1rryi11g l'orts: Carrying costs arise when a business holds in\'cntories of goods 
!'or '>a le. The<>e costs include the opportunit) cost o( the in\ estn1en1 tied up in i11Yen-
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tory (see C hapter 11, pp. 395-396) and the costs associated with stora_g~, such as 
S!Orage~pa~e rental and insurance, obsolescence and spoilage. 

4. Stockout costs: A stockout occurs when a con1pany runs QU:t of_a partic_uJar i.t.e"m for 
which there is customer dernana.-A co1npany inay respond to the shortfa ll or stock­
out by-expeafting an order fron1 a supplier. Expediting costs of a stockout include the 
additiona.1 o rdering costs plus any associated transportatiot!SOSts. Alternatively, the 
company n1ay lose a sa le Clue to the stockout.ln tlii~case,~to_ckout costs include-the 
lost contribution margin on_the sale_pj~any~ontribution margin_!ost O_!l funLi.:_e sa les 
hurt by customer jU-will caused by the stockout. 

-
5. Quali-ty costs: The quality of a product or service js its conformance with a prean-
nounced or prespecified standard. As described in Chapter 19, four categories of 
costs of quality are often distinguish ed: (a) prevention costs, (b) appraisal costs, (c) 
internal failure costs, and (d) externaJ failure cost~ - -- - . - - -

The descriptions of the cost categories indicate that som.e of the relevant costs 
for making inventory decisions and managing goods for sale are not available in ex­
isting accounting systems. QE.portunity costs, which are not typ.ically recorded in ac­
counting systems, are an important component in several of these cost categories. 

The inclusion of costs fron1 all five categories n1akes cost of goods scld sub­
st;u1tia l. 1 Advances in information-gathering technology, however, are attempting to 
increase the reliability and ti1neliness of inventory data and .reduce costs in these five 
categories. For example, electronic data lnterchange (EDI) links a company to its 
suppliers via computers. An order is often injtiated by a single keystroke, increasing 
ti1neliness and reducillg costs of ordering. Similarly, ba.rcoding technology allov.rs a 
scanner to caprnre purchases and sales of individual units. This creates an instanta­
neous record of inventory movemen ts and helps in the managen1ent of purchasing, 
carrying, and stockout costs. 

Economic-Order-Quantity Decision Model 

The fu·st major decision in managi11g goods for sale is decidin.g h o'v much of a given 
product to order. The economic order quantity (EOQ) decision model calculates 
d1 e optitnal_guantity of inventory to order. The simplest version of this m.odel incor­
porates only ordering costs and carrying costs into the ca lculation. I t assumes the 
follov."1.ng: 

l. The same fixed quantity is ordered at each reorder point. 

2. Demand, ordering costs, and carrying costs are certain. The purchase-order 
le~d time-t~e time between the placernento£an ..order and its delivery- is also~­
tain. 

3. Purchasing costs per unit are unaffected by the quantity orderec.l. This assun1p­
tion n1akes purchasing costs irre levant to c.Jeterrnining EOQ, because purchasing 
costs of all uni ts acquired will be the same, whatever the order size in which the units 
are orclerc<l . 

4. No stockouts occur. One justilication for this asc.umption is that the costs of a 
stockout are proJ1ibiLively high. We as5un1e that to avoid Lhese potenti;tl co'its, 111ru1-
age1nent a lway!-. ni<:1intains adequate inventory so that no stockout can CJccur. 

5. In deciding the size of the purchase order, 1nanagen1ent considerc; the costs of 
quality only to Lhe extent that these cost:, affect ordering co~ts or carrving cos ts. ----- '- - "' ~ - -
Given these assumptions, EOQ analysis ignores purchasing cosLs, stockout costs, 
~nd quality costs. To detcrn1ine EOC), we 111ini1nizt tht relevant ordering and ct.1rry­
ing costs (tho->e ordering and carrying costs that arc affected by the quantity of in­
vento ry ordered): 

-rornl relcvnnl costs= ' fotal n:: l ev~1nt ordering cosLs + ' row I n.: li:vant c:1rrymg· costs 

1 In some cases, inventory ".,hrinkage" rro111 shopli fting and employee thett C<l ll ;l lso :ldcJ lO CO'>l of 
goods <;old. 

- ·~---- ~ 

OBJECTl,7 E 3 

EA'J)lain the econon1ic order 
quantity (EOQ) decision 
modd and how it ba lances 
ordering coses ancl carrying 
cost<: 
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E"XAMPLE: \ /i dco GaJore scll c; packages of blank viJeo tapes to its customers; 
it al-;o renlS out tapes of n1ovies and sporting events. h: purchases packages of 
video tape!' from Sontck at $1-1- a p<1ckage. Sonrek pays all incoming freight. No 
incon1ing 1nsrectioo is necessary, as Sontek has a superb reput::ition for deliver­
ing quality 111erchandise. Annual demand i'> 13 ,000 packages, at a rate of 250 
packages per \\eek. \Tideo Galore requires a 15o/n annual return on iJ1vestrnent. 
The purchao;e-order lead un1e is 2 weeks. The fo lJo,ving cost data are available: 

• 

Rele\'ant onlermg eosts per purchase order 

Relev:lnt carrying cosrs per package per year: 

Ret1 unc<l annual rerum on invesonent, 15% x $14 

Re levant insurance, mnteri::ils hnnJling, breakage, etc .• 
per year 

$2. 10 

3.10 

\!\Tha t is the econon1ic order quantity of packag·es of video tapes? 

The fonnula underlying the EOQ n1odel is 

where 

EOQ=~ 

EOQ =Economic or<ler quanLit} 

D = Denrnnd m units for a specified t1n1c period (1 year in r11is exa1nple) 

P= Re levant ordering cost<; per purchase o rder 

C = Relevant canying cost.'> of 1 unit in stock for the cime 
p1;riod used for D ( l year in Lhi~ exa mpl e) 

$200.00 

The formula indicates that EOQ increases 'vith de1nand and ordering costs and de­
creases with c~nrying costs. 

We can use this forn1ula ro detcrn1inc the EOQ for Video G::ilore as follows: 

F'.()f) = 2 x 1 ),OOO Y $200 = V 1 000 000 = 1 000 acka cs 
'..! $5 .20 • ' , p g 

Therefore, \ !ideo Galore should order 1,000 tape packages each rime to n1inimize 
total or<lLring-a nd ca rry in g costs . .., . .... 

Tht total annual relevant coc;t<; (TRC) for any order quantity Q can be calcu-
lated using the following forrnula: 

·i'R( = Tc>rn l annua l relevant "Ii.Hal nnnual n::[e,·:Jnt 
~ I . + . or( ering coi.b carrying costs 

N un1ber nf RelcvanL " . t Annual rck vant "'vcrnge 1nven OP' = purchase orders X ordering cosrs per + . . ; X carrying costs of l 
h 

_1 in uni ts . r: 
per ye:i r pure ase o ru er urut ror ~1 ye::i r 

- - x + - x --+--(v) 11 (<J) c· - np Qc 
(j 2 Q 2 

(Nore thaL in this fonnula, Q can he any order quantity, not just the EC)Q.) 
\iVhen Q = 1,000 units, 

TJ~C= 13,000x$200 + I ,ll00x$5.20 
I , 000 2 

= $2,600 + $2,600 = $5,200 

The nu1nher of dcl1vc1ics each tin1e pe1iod (in our exan1ple, I year) is 

l 3 ,000 I , . I l . = = -' uc 1vcncs 
1,000 

Fxhibil 21-1 c.:hov. ~a gntph anaJvc.;i'> of" the tot::1I annual relevant costs of order­
ing (DP/Q) and can1·ing invent<H1 (Q('/2) under various or<ler sizes (Q), an cl ill11~-

-
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i 
EXHIBIT 21-1 
Ordering Costs and Carrying Costs for Video Galore 

10,000 

-~ 8,000 
l1l 

0 
"C 

~ 6,000 
0 
u 5,200 -c 
l1l 
~ 4,000 
Q) 

a: 
l1l ... 
fl 2,000 

Annual total 
~ relevant costs A 1 1 t nnua re evan 

Annual relevant 
carrying costs 

+ 
650 

ordering costs 

I 
y 

EOQ = 1,000 
1,300 1,950 

Order Quantity (units) 

2,600 

trates the trade-off bel:\.\·een the l:\.\·o types of costs. The larger the order quantity. the 
higher the annual relevant carrying costs, but the lo~ver the annual relevant ordering 
costs. The total annual relevant costs are at a 1nini111u111 where total relevant ordering costs 
and total relevant cnnying costs are equal (in the Video Galore example, each equals 
£2 ,600). 

"When to Order, Assuming Certainty 

The second major decision jn dealing ~·ith cost of goods for sa le is when to order. 
The reorder point is the quantity level of the invento1y on hand th::it a·iggers a new 
order. The reorder point is simplest to compute when both demand and lead ci1ne 
are certa 1 n: 

d . '\Tumber of units sold . 
Reor er point= . f x Purchase-order lead ame 

per unit o tJme 

Consider our Video Galore example. \Ve choose a v;eek as the unit of ti1ne: 

Thus, 

fconoin1c. order quanti~ 

i\umber of units sold per" eek 

Purchase-order lead orne 

1,000 p·lckages 

250 pickages 

2 week> 

R .1 l\'umber of units sold . 
coruer pornt = . f . >' Purchase-order le.id nmc 

per unit o ome 

= 2 ~() Y 2 = 500 packages 

So, Video (~a l ore wi ll order 1,000 packages of tapes eiH.:h tirne ih 1111entory stock 
fal ls to 500 packages. 

The graph in l'.:xhibit 2 1-2 presents the behavior of the in\ cnlo1 y level oF tape 
packages, assun1ing dcn1and occurs un ifon11ly d1roughout each week.' f f the pur­
chase-order lead t1111e is 2 \veek.s, a ne'v\ order will be placed when the 1nvento1) level 
reaches 500 rape packages so that the 1,000 packages ordered are received at the 
time 1nv1::11 to11 reaches lero. 

2Th1s handy furrnul .1 clra:s not applr v.hcn the rccc1p~ of the order fails to rnc.rca'>c inventory to 
the n:orclcr-po1n1qu1nt1ty <for example, when rhe lead nn1c 1c; 3 \\eeks ;tnd the on.Lr is a 1-wccl· 
supply). Jn the-;<. ca~cs. orders \~ill fl\Lrbp. 

OBJECTIVE 4 

Explain [he reorder poin t 
and safecy stocks 

INVENTOR~ MANAGEMENT 
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EXHIBIT 21-2 
Inventory Level of Tape Packages for Video Galore~ 

1000 

(/) .... 
c: 
:J 
c: 
> 500 '-
0 ..... c: 
Q) 

> c: 

• 

------,~ Reorder 

Weeks 1 

I point 
I 
I 
I 
I 
I 
I 

2 3 

-------,~ Reorder 

4 5 

I point 
I 
I 
I 
I 
I 

6 7 8 

~Lead Time~ ~ Lead Time~ 

2 Weeks 2 Weeks 

"1nis exhibit a~su.me5 that dernJnd .ind purch:i~i:-onlcr le:id time <1 rc certain: 
Demand = .250 tape packages per \1eel. 
Purchase-order lead mm: = 2 weeks 

Safety Stock 

So far, -vve have assurnec.I that den1~1nc.I and purchase-order lead ti111e are certajn. 
\Vhcn retailers are uncertain about the dcn1an<l, the Jca<l ti rnc, or the quantity that 
suppliers can provide. they often hold .safet) stock. Safety stock is inveQtQIY he~I a~ 
;1 JI times regardless or inventor) ordered using EOQ. Tt is used 3S a buffer againsr 
unexpecte<l increases in den1and or J ~acl time <lnci Ull il\<l ilnbiJity of Stock rron1 suppli­
ers. [n our Video Galore cxan1ple, e:x11ecte<l de111and i'> 250 rackages per 'veek, bul 
the comp;1ny's inanagers feel that a n1axirnu1n dernand (Jf 400 packages per week may 
occur. I 'Video Galore's 1nan;1gers decide Lhat the costs of ~tockout ;ire prohibitive, 
they n1ay decide to hold safety stock of 300 packages. This an1ount is the n1aximum 
excess demand or 150 package-; per \Veek for Ult ~ "'eek!-> ur purchase-order lead 
ti111e. The computation of safety <;tock hinges on tl cn1and foreca<;ts. Alanagers will 
have ~on1e no tion- usu::ill r based nn experience-of the n111ge of \\ eekJ y c.le111an<l. 

\ frequency distribution h:1scd on pnor daily or \veckly levels of demand pro­
vides lhtta for con1pucing Lhe associated co.,ts of m,1int:1ining s;:i f~ty stock. Assun1e 
th3r o ne of Sl!vcn different level.:; of tkn1and \Vi ii occur O\'e r tJ1 e 2-\\ eek purchase­
order Je,1d rime at Y'ideo (;alore. 

Total Demand 
for 2 \tVceks 

Pn ,1n1 bi Jin 
hum~ to 1.00) 

200 

!l.06 

300 400 

0.09 0.20 

l J1ucs 

500 600 700 800 

(1.2() 0.09 0.06 

\\le St:t! that )()0 j~ the lll O~t Jikel) ]e\cJ or dcn1flnd for (WO \\Cek~ becau~e it is <l5-

~1gned rhe highest proh:1bilit) or occurrence. \i\'e <11..,o '>Ce that there i" a 0. 35 proba­
hili 10 that dcn1and \\ill he lict\\cen 600. 700, or 800 package~ (0.20 + ().()9 + 0.06 = 
()J) ). 

If ;i customer calls Video (1alllre to buy ' idcu tape'>, and the .., tore has none in 
..,lock. It Clll "rush" I h e 111 to the cu..,ton1cr at <l CO..,l LO\ tdeo (;a Jore or $-1- per pack-

I 
I 

I 

,\ 
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ao-e. The relevant stockout costs in this case are $4 per package. The optiinal safety 
s~ock level is the quantity of safety stock that 1nini1nizes the sun1 of the relevant an­
nual stockout and carrying costs. Recall that the relevant carrying costs for Video 
Galore are $5 .20 per unit per year. 

ExJ1ibit 21-3 presents the total annual relevant stockout and can-ying costs 
when the reorder point is 500 units. We need only consjder safety stock levels of 0, 
100, 200 and 300 units, since den1and "'ril] exceed the 500 units of stock available at 
reordering by 0 if demand is 500, by 100 if de1nand is 600, by 200 iJ den1and is 700, 
and by 300 if demand is 800.J "'fhe total annual relevant stockout and carrying costs 
would be minimized at $1,352, whe.n a safety stock of 200 packages is 1uaintained. 
Think of the 200 mu ts of safety stock as extra stock that Video Galore maintains. For 
example). Video Galore's total inventory of tapes at the time of reordering its EOQ of 
1,000 units "''ould be 700 units (the reorder point of 500 units plus the safety stock of 
200 units). 

Sontek does a sirnilar analysis. Sontek too inaintains safety stocks to meet unex­
pected demands fro1n its custo1ners. The net result is high levels of inventory in the 
supply chain consisting of the manufacturer and retailer. To reduce these invento­
ries, companies are fornting strategjc parn1ershlps. For exarnple, Video Galore could 
contract with Sontek to inanage Video Galore's i:nvento1y of tapes. Sontek could 
then better coordinate the flow of goods in the entire supply chain. For in~tance, 
Sontek could reduce its own inventory holdings v.rhen Video Galore is balding higb 
<]uantities of inventory, and vice versa. Companies such as 3M. Procter & Gamble 
and Scott Paper have sign~ed such agreernentS with Wall\llart, the largest retail com­
pany in the United States. 

CHALLENGES IN ESTIMATING 
INVENTORY-RELATED COSTS AND THEIR EFFECTS 

Considerations in Obtaining Estimates of Relevant Costs 
Obtaining accurale esLimaLes of the cosL p<uan1eLers used in the EOQ decision 
model is a challenging task. For example, the relevant aru1ual carrying costs of inven­
tory consist of incre111ental or outlay costs plus the opportuni~y cost of capital. 

V\That are the relevant incren1enral costs of carrying inventory? Only those 
costs that vary with the quantity of invento1y held- for ex:an1ple, insurance, property 
taxes, costs of obsolescence, and costs o f breakage. Consjder the salaries paid to 
clerks, storekeepers, and 1naterials handlers. These costs are irrelevant if they are un­
affected by changes in inventory levels. Suppo.,e, however, that as inventories de­
crease, these salary cos ts also decrease as the clerks, storekeepers, and 1naterjals han­
dlers are rransferred to oilier activities or laid off. In this case, the salaries paid to 
these persons are relevant incrernental costs of carrying inventory . SinLilarJy, the 
costs of storage space owned that cannot be used for od1er pro fitabl e purposes as in­
ventories decrease are irrelevant. But if the space has o ther profitable uses, o r if 
renta l cost is tied to the an1ount of space occupied, storage cost!, are relevant incre­
n1ental costs of carrying inventory. 

What is the re lev:u1t opportunity cost o f capital ? It ic; the renu·n forgone by in­
vesting cap.ital in inventory rathe r than e.b e·where. It is ca lculateJ as rhe required rate 
of rerurn 1nultiplied by those coses per unit Lhat vary 'vi th t11 e nun1l>er or units p ur­
chased and that arc in curred at the time d1e unirs arc received. (Examples of these 
cos ts per unit are purchase pric:e, incoming fre ig ht, and inco111ing in!)pection.) 
Opportunity costs are not co1nputed on investn1ents, 'lay, in building<;, if rhese 

3If Vi deo Cralon: IS better (worsi.:) off bolJing I ()() UllJ t<; or c:;a fi.;cy scod; nnher than 0, il woulJ prt:­
fcr holding I 00 (0) un ir'l rather rhan any nu rnber between I and <)t) uni ts. fl\ iJco Galnre is helter 
(worse) off holding 200 un its of safo ty "tock rather than 100, I t would prefer holding .?00 (100) 
uni ts rathi.:r than any number hetwi.:en lOJ and t9rJ. [[ Video Galon: is betccr (worsi.:) off holding 
300 units of safety Stock rath er th:ln 2()(), lt,voulcl rrcfer holding J()() (200) Ull llS r:ithcr than any 
number between 20J anrl 299. You can vc n fy thcsc statemi.:nts by o;;uhsriruring different v,1l ues of 
safety stock for 0, I 00, 200, and 300 in Exhibit 2 1-3. INVENTORY MANAGEMENT 
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