
INTEGRATIVE CASE ALPHA OMEGA ELECTRONICS
LeRoy Williams, vice president for manufacturing at Alpha Omega Electronics

(AOE), is concerned about problems associated with the company's change in strategic

mission. Two years ago, AOE's top management decided to shift the company from its

traditional position as a low-cost producer of consumer electronic products to a prod-

uct differentiation strategy. Since then, AOE has increased the variety of sizes, styles,

and features within each of its product lines.

To support this shift in strategic focus, AOE has invested heavily in factory

automation. Top management also endorsed LeRoy's decision to adopt lean manufac-

turing techniques, with the goal of dramatically reducing inyentory levels of finished

goods. AOE's cost accounting system has not been changed, however. For examfle,

manufacturing oyerhead is still allocated based on direct labor hours, even though

automation has drastically reduced the amount of direct labor used to manufacture a

product. Consequently, investments in new equipment and machinery havetresulted in
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dramatic increases in manufacturing overhead rates. This situation has created the fol-

lowing prople_ms:

Ii'-?roduction supervisors complain that the accounting system makes no sense

= - and that they are being penalized for making investments that improve overall

efficiency. Indeed, according to the system, some products now cost more to

produce using state-of-the-art equipment than they did before the new equip-

ment was purchased. Yet the new equipment has increased production capacity

while simultaneously reducing defects.

2. The marketing and product design executives have all but dismissed the sys-
\

tem's prbduct cost figures as useless for setting prices or determining the poten-

tial profitability of new products. Indeed, some competitors haYe begun to price

their products below what AOE'S cost accounting system says it costs to pro-

duce that item.

3. Although a number of steps have been taken to improve quality, the cost

accounting system does not provide adequate measures to evaluate the effect of

those steps and to indicate areas that need further improvement. Indeed, LeRoy

is frustrated by his inability to quantify the effects of the quality improvements

that have occurred.

4. Performance reports continue to focus primarily on financial measures' Line

managers in the factory howeveq complain that they need more accurate and

timely information on physical activities, such as units produced, defect rates,

and production time.

5. LeRoy is frustrated because the move to lean manufacturing was successful in

markedly reducing inventory levels this past year, but the traditionat GAAP-

based financial reports show that this has significantly lowered profitability.

LeRoy has expressed these concerns to Linda Spurgeon, AOE's president, who

agrees that the problems are serious. Linda then called a meeting with LeRoy; Ann

,. Brandt, AOE's vice president of information systems: and Etizabeth Venko, AOE's con-

troller. At the meeting, Elizabeth and Ann agreed to study how to modify the cost
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accounting system to more accurately reflect AOE'S new production processes. To

begin this project, LeRoy agreed to take Elizabeth and Ann on a factory tour so that
they could see and understand how the new technology has affected producrion cycle

activities.
I

As this case suggests. deficiencies in the informatlbn system used to support pro-

duftion cycle activities can create significant problems for an organization. As you read

thip chapter, think about how the introduction of new technology in the production

cydle may require corresponding changes in a company's cost accounting system.

lntroduction

The production cycl€ is a recurdng set of business activities and related information processing
operations associated with the manufacture of products. Figure 14-1 shows how the production
cycle is linked to the other subsystems in a company's information system. The reyenue cycle
information system (see Chapter 12) provides the information (customer orders and sales fore-
casts) used to pla[ production and inyentory leyels. In return, the production cycle information
system sends the revenue cycle infomation about finished goods that haye been produced and
are available for sale. Information about raw matedals needs is sent to the expenditure cycle
information system (see Chapter 13) in the form of purchase requisitions. In exchange, the
expenditure cycle system provides information about raw material acquisitions and also about
other expenditures included in manufacturing overhead. Information about labor needs is sent to
the human rcsources cycle (see Chapter 15), which in retum provides data about labor costs and
availability. Finally, information about the cost of goods manufactured is serit-to the general
ledger and reporting information system (see Chapter 16).

Figure i4-2 depicts the four basic activities in the production cycle: product design, plan-
ning and scheduling, production operations, and cost accounting. Although accountalts are
involved primarily in the fourth step, cost accounting, they also must ulderstand the other three
processes to be able to design reports that provide management with the infomation needed to
manage the production cycle activities of a modem manufacturing company. For example, one
popular approach to improving manufacturing performance, called Six Sigma, begins with eare-
ful measurement and analysis of cu[ent processes in order to fiod ways to improve them.*
Accountants should participate in such efforts by helping to design accurate measures; their.abil-
ity to do so, however, requires that they understand the production activities being- qeasureil.

This chapter explains how an organization's information system supports each of the pro-
duction cycle activities. We begin by describing the design of the information system and the
basic controls necessary to ensure that it provides management with reliable informalion to
assess the efficiency and effectiveness of production cycle actiyities. We then discuss in detail

FIGURE 14-1
Context Diagram of the

Production Cycle

monogement/
poyroll rycle
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FIGURE.I4.2
Level 0 Data Flow
Diagram of the
Produ€tion Cycle

Produaicin orders

Finished goods

tickets, move tickets, ond moteriols

Humon resources

monogement/
poyroll rycle

\
each ofthe four-birsic production cycle activities. For each activity, we describe how the informa-
tion needed to perform and manage those activities is collected, processed, and stored. We also

explain the controls necessary to ensure not only the reliability of that information but also the

safeguarding of the organization's resources.

Production Cycle Information System

Figure 14-3 presents the portion of the enterprise resource planning (ERP) that supports an orga-

nization's productioo cycle.

Process
Notice how the production cycle information system integmtes both operational and financial data

from many sources. The engineering departunent is responsible for developing product specifrca-

tions. The bill of materials file stores information about product components, and the operations list
file contains information about how to manufacture each product. To develop those specihcations,
engineering accesses botl files to examine the design of similar products. It also accesses the gen-

eral ledger and inventory files for information about the costs of altemative product designs. The
sales department enters information about sales forecasts and customer orders. The poduction
planning department uses that information, plus data about cuEent inventory levels, to develop the

master productioD schedule and create new records in the production order file to authorize the pro-

duction of specific goods. At the same time, new records are added to the work-in-process file to
accumulate cost data. Materials requisitions arc sent to the inventory stores departunent to authorize
the release of raw materials. The computer-integrated manufacturing (CIM) interface sends

detailed instuctions to factory workstations. The CIM interface also collects cost and operational
data that is used to update the wofk-in-plocess and prcduction order files, respectively.
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FIGURE 14.3
Overview of ERP
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Threats and Controls
As Figure 14-3 shows, the production cycle activities depend on and update the integrated data-
base that contains master data about product specifications and inyentory @oth finished good!
and raw matedals). Therefore, the first threat listed in Table 14-1 is the sk of inaccurate or
invalid master data- Inaccurate data about factory operations cal result in inco[ect co'sting of
products and yaluation of inventory. Inaccurate inventory records can result in either failure to
timely manufacture finished goods or unnecessary production. E1ToIs in product specifications
(bitls of materials and operations lists) can result in poorly designed products. The various pro-
cessing integrity controls discussed in Chapter 10 can reduce the risk ofinaccurate data ently. It
is also important to restdct access to production cycle master data. Enforcing proper access

contuols and segregation of duties requires that the controller or CFO review and suggest appro-
pdate configuration of user rights in integrated ERP systems. The default installation of such

systems typically provides every employee with lar too much power Therefore, it is important
to modify user permissions to ensure that employees are assigned only those privileges neces-

sary to pedolm their specified job duties. In addition to multifactor authentication of employ-
ees, location-based access controls on devices should also be used. For example, the system
should be programmed to reject any attempts to alter inventory records from a terminal located
in the engineering depa ment. Finally, logs of all activities, especially any actions involving
managerial approval, such as requests for additional raw materials or overtime, shouldbe
recorded and maintained for later review as part of the audit trail.

Another threat is the unauthorized disclosure of production information, such as trade
secrets and process improvements that provide a company with a competitive advantage. The
various access controls discussed earlier provide one way to mitigate this threat. In addition, sen-

sitive data, such as the precise procedures to follow in manufacturing a given product, should be
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TABLE 14-1 Threats and controls in the Production Cycle

Geneml issues

throughout entire

P.ioduction cycle

Product design

Planning and
scheduling

Production
opemtions

Threat

l. Inaccumte or invalid master data
2- Unauthorized disclosuretof seDsitive

information I

I Loss or rtestruction of dJta

4. Poor product design resulting in
excess costs

5. Over- and underproduction

6. Theft of inventory
7. Theft of fixed asset

8. Poor pedomance
9. Suboptimal investment in Iixed

assets

10. Loss oJ inventory or fixed assets due

to fire or other disasteN

11. Disruption of operations

12. Inaccurate cost data

13. Inappropriate allocation of overhead

costs

14. Misleading reports

Controls (first number refers to the

l.l Data processing integdty conhols
1.2 Restriction ol access to master data

1.3 Review of all changes to master data

2.1 Access controls
2.2 Encryptlon
3.1 Backup and disaster recovery prccedures

4.1 Accounting analysis of costs arising from product design choices

4.2 Analysis of warrarty and repair costs

5.1 Prcducion plan ng systems

5.2 Review and approval of production schedules and orders

5.3 Restriction of access to prcduction orde6 and production schedules

6.1 Physical access control
6.2 Documention of all i[ventory movement
6.3 Segregation of duties-custody of assets from recording and

authorization of removal

6.4 Restriction of access to inventory master data

6.5 Periodic physical counts of inventory nnd reconciliation of those

counts to rccorded quantlties

7.1 Physical inventory of all fixed assets

7.2 Restriction of physical access to fixed assets

7.3 Maintaining detailed re€ords of Iixed assets, including disposal

8.1 Training
8.2 Performance reports

9.1 Proper approval of fixed asset acquisiiions, including use of
requests for prcposals to solicit multiple competitive bids

Physical safeguards (e.g., fire sprinklem)
Insurance
Backup and disaster recovery plans

Source data automation
Data processing integrity controls
Time-driven activity-based costing
Innovative pedomance metrics (e.g., throughput)

.)
Cost accounting

10.1

10.2

I 1.1

12.1

t2.2
13.1

t4.t

encrypted both while in storage and during transmission ovel the Intemet to manufacturing

plants and business partners.

The third general threat listed in Table 14-l is the loss or alteration of production data. The

production cycle database must be protected from either intentional or accidental loss or damage.

As discussed in Chapter 10, regular backing up of all data files is imperative. Additional copies

of key master files, such as open production orders and raw materials inventory, should be stored

off-site. To reduce the possibility of accidental erasure of important files, all disks and tapes

should have both extemal and internal file labels.

Now that we have provided an overview of the production cycle information system, Iet us

examine each of the basic activities depicted in Figure 14-2 in more detail.

Product Design

The first step in the production cycle is product design (circle 1.0 in Figure 14-2). The objective

is to create a product that meets customer requirements in terms of quality, durability, and func-

tionality while simultaneously minimizing production costs. These criteria often conflict with
one another, making product design a challenging task.
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FIGURE 14.4
Example of a Bill

of Materials

FIGURE 14-5
Example of an

Operations List

INFORMATION SYSTEMS APPLICATIONS

Process
The product design activity creates two outputs. The fust, a bill of materials (Figure 14-4), spec-

ifies the part number, description, and quantity of each component used in a finished product.
The second is an operations list (Figlre 14-5), which specifies the sequence of steps to follow in
making the product, which equipment to us{. and how tong each step should take.

Tools such as product life-cycle managefient (PLM) software can help improve the efEciency
and effectiveness of the product design proc€ss. PLM software consists of thrce key components:

computer-aided design (CAD) softwarc to design new producs, digital manufacturing software that
simulates how those products will be manufactured, and product data management software that
stores all the data associated with products. CAD software enables manufacturers to design and test

virtual 3-D models of producs, thereby eliminating the costs associated with creating and desrroy-

ing physical prototypes. CAD software facilitates collaboration by design teams dispersed around

the globe and elirninates the costs associated with exchanging static copies of product designs.

Digital manufacturing software allows companies to determine labor, machine, and process require-
ments to optimally Foduce items in different facilities across the globe in order to minimize costs,

Product data management software provides easy access to detailed engineering specifications and

other product data to facilitate product redesign, modification, and post-sale maintenance. Although
PLM can dramatically improve both the efficiency and effectiveness of product design, Focus 14-1

shows that reaping its full benefits requires careful supervision by senior management.

Threats and Controls
Poor product design (threat 4 in Table 14-1) drives up costs in several ways. Using too many
unique components when producing similar products increases the costs associated with pur-
chasing and maintaining raw materials i[ventodes. It also often results in inefflcient production
processes because of excessive complexity in changing ftom the production of one product to
another. Poorly designed products are also more likely to incur high warranty and repair costs.

To mitigate this threat, accountants should participate in the product design activity because

657o to SOVo of product costs are determined at this stage of the production procEss. Accountants
can analyze how the use of alternative components and changes to the production process affect
costs. In addition, accountants can use information ftom the tevenue cycle about repair and
waEanty costs associated with existing products to identify the primary causes of product failure
and suggest opportunities to redesign products to improve quality.

Finished Product: DVD Player

Pan Number Descriotion aua!!i!y
105 Control Unit I - .,-
125 BackPanel I

148 SidePanel 2

155 Top/Bottom Panel 2

l'73 Timer I
195 Front Panel I

199 Screw 6

operations List for: Create Side Panel

Operation Number

105

106

r24

142

155

DescriDtion

Cut to shape

Comer cut

Tum and shape

Finish

Paint

Machine Number

MLt5-12
ML15-9

s28-17

F54-5

P89-t

Standard Time
(minutes:seconds)

2:00

3:15

4:00

7:10

9:30 ,
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Planning and Scheduling
, , ,, -1-\, :':, , , ,, , "

The second step in the production cycle is planning and scheduling (circle 2.0 in Figure 14-2)'

The objeclive is to develop a production plan efficient enough to meet existing orders and antic-

ipated sho -term demand while minimizing inventories of both mw materials and finished

goods.

Production Planning Methods
Two common methods of production planning are manufacturing resourie planning and lean

manufacturing. Manufacturing resource planning (N'IRP'II) is an extension of materials

resource planning (discussed in Chapter 13) that seeks to balance existing production capacity

and raw materials needs to meet forecasted sales demands. MRP-II systems arc often referred to

as push munufacturiLrg, because goods are produced in expectation of customer demand'

Just as MRP-II is an extension of MRP inventory control systems, lean manufacturing

extends the principles of just-ir-time inventory systems (discussed in Chapter 13) to the entire

production frocess. The goal of lean manufacturing is to minimize or eliminate inventories of
iaw materials, work in process, and hnished goods. Lean nanufacturing is often referred to as

pull mantrfacruring, because goods are produced in response to customer demand. Theoretically,

lean manufacturing systems ploduce only in response to customer orders. In practice, howevsr,

most lean manufacturing systems develop short-run production plans. For example, Toyota

develops monthly production plans so that it can proYide a stable schedule to its suppliers. This

strategy enables the suppliem to plan their production schedules so that they can deliver their

products to Toyota at the exact time they are needed.

Thus, both MRP-II and lean manutacturing systems plan production in advance. They differ,

however, in the length of the planning horizon. MRP-II systems may develop production plans

for up to 12 months in advance, whereas lean manufacturing systems use much shorter planning

horizons. Ifdemand for a company's product is predictable and the product has a long life cycle,

then an MRP-II approach may be justihed. In confast, a lean manufacturing approach may be
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more appropriare if a company's products are characterized by short life cycles, unpredictable
demand, and frequent markdowns of excess inyentory.

Key Documents and Forms
Information about customei orders, sales forecasB, and inventory levdls offinished goods is used
to determine production lerjels. The resultis amaster production schedule (MPS), which speci-
hes how much of each producr is ro be produced during the planning period and when that pro-
duction should occur (FiguJe 14-6). Although the long-range part of tfle MPS may be modifled in
response to changes in mari<et conditions, production plans for man]] producs must be frozen a
few weeks i[ advance to pr$vide sufhcient time to procure the necess?ry raw matedals, supplies,
and labor resources.

The complexity of scheduling increases dramatically as the number of factories grows. For
example, large manufacluring companies such as Intel and General Motors must coordinate pro-
duction at many different plants in different countries. Some of those plants produce basic com-
ponents, and others assemble the final products. The production information system must coor-
dinate these activities to minimize bottlenecks and the buildup of partially completed
inYentories.

The MPS is used to develop a detailed timetable that specifies daily production and to deter-
mine whether ruw materials need to be purchased. To do this, it is necessary to "explode" the bill
of materials to determine the immediate raw materials requirements for meeting the production
goals listed in the MPS (Table 14-2). These rcquirements are compared with curent inyentory
levels, and if additional materials are needed, purchase requisitions are generated and sent to the
purchasing department to initiate the acquisition process.

Figure 14-2 shows that the planning and scheduling activity produces three other docu-
ments: production orders, matedals rcquisitions, and move tickets. A production order author-
izes the manufacture of a specified quantity of a particular product. It lists the opelations that
need to be performed, the quantity to be produced, and the location where the frnished product
should be delivered. It also collects data about each of those activities (Figure 147). A.materials
requisition atthoizes the removal of the necessary quantity of raw materials ftom the storeroom
to the factory location where they will be used. This document contains the production order
numbet date of issue, and, based on the bill of materials, the part numbers and quantities of all
necessary raw materials (Figure 14-8). Subsequelt tlansfels of raw mate als throughout the fac-
tory are documented ot move tirkets , wlich identify the parts being hansfeied, the location to
which they are transferred, and the time of transfer (Figure 14-9 shows an example of an irven-
lory transler data entry screen). :

FIGURE.I4.6
Sample of a Master

Production Schedule
(MP5)

IIIASIER PRODUOIOil S(HTDUIE

Produd Nunber 120 Dexriplion: DVD Ployer

leod tinq.

I week

Wael Nlnrler

I 2 3 4 5 6 7 8

Quonliry on
hond

ftheduled
prodlciion

Forecosled
soles

Net ovoiloble

500

l50c

300

350d

35ob

300

300

350

350

250

300

300

300

300

250
350

350

250

300
300

300

400

250

150

450

250

400

300

300

300

250
350

oTine to nonulocture produa ll week lor DvD ployer).
bEnding quonnty on hand (net woihbb) hon pnor week.
,Cobuhted W subtrocting quontiy on hond hon sun ol lhis week's ond nen week's forecasted soles,

plus o sl-unit buffer srock. For exonple, besin week I with 5@ unih. Proiected soles for week I ond
2 tord 6@ units. Ad&ns S}unit desired bufter inventory yields 65O units needed by end of week I .

Subtru.ting heginning inventory ol 5@ vnix results in plonned productia" ol t SO vnns dvn"g *e&. L

d&esinnins quon y on hond plus scheduled produaion lex forecosed sobs.



TABLE 14-2 Example of -Exploding" a Bill of Materials

COMPONENIS IN EIICH DVD PLAYER

Step l: Multiply the comPonent

rcquirements for ONE Product bY

the number of Products to be

p!6duced rcxt period (from the

MPS).

Part No. Description Qualtity

Number

of DVD Players

105

125

148

173

r95
199

135
136

Control Unit
Back Panel

Side Paflel

Timer
Front Panel

Screw
Top Panel

Bottom Panel

I
I
4
I
I
6
I
1

2,000

2,000
2,000

2,000

2,000
2,000
2,000

2,000

2,OOO

2,000

8,000
2,000

2,000

12,000
2,000

2,000

COMPONENTS IN EACH CD PLAYER

Part No. Descriptioo Quantity

Number of
CD Players

TotaI

Requiremellts

. 103

120

121

t'73

190

199

135

136

I
I
I
1

4

4
1

I

CD Player

3,000

3,000

3,000

3,000

3,000

3,000

3,000

3,000

Total

3,000

3,000

3,000

3,000

12,000

12,000

3,000

3,000

Control Unit
Front Panel

Back Panel

Timer
Side Panel

Sclew

Top Panel

Bottom Panel

DYD Player
Step 2: Calculate total component Part No'

requirements by hrmming

products. 103

105

120

121

125

148

1'13

190

195

199

135

136

0

2,000

0

0

2,000

8,000

2,000
0

2,000

12,000

2,000

2,000

3,000

0

3,000

3,000

0

0

3,000

12,000

0

12,000

3,000

3,000

3,000

2,000

3,000

3,000

2,000

8,000

5,000

12,000

2,000
24,000

5,000

5,000

Step 3: Repeat steps I and 2 ffi Part No' Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

each week during Planning
ho zon. 103

105

120

121.

t25
148

t'l3
190

195

t99
135

136

3,000

2,000

3,000

3,000

2,000

8,000

5,000

12,000

2,000

24,000

5,000

5,000

2,000

2,000

2,000

2000
2,000

8,000

4,000

12,000

2,000

20,000

5,000

5,000

2,500

2,500

2,500
2,500

2,500

10,000

5,000

10,000

2,500

25,000

5,000

5,000

3,000

2,500

3,000

3,000

2,500

10,000

5,500

12,000

2,500

27,000

5,000

5,000

2,500
2,000

2,500

2,500

2,000

8,000

4,500

10,000

2,000

22,0N
5,000

5,000

3,000

3,000

3,000

3,000

3,000

12,000

6,000

12,000

3,000

30,000

5,000

5,000
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Alpho Omegd Engineering

PRODUCIIO ONDER

4587

Order
No. 2289

Produd 
I

No. r'a3Q
Desaription:
Cobinet Side Ponel

Produ<fon ouontity
1000

Approved
hv:,s Releose I

Dole:
02/24/2011

lstus
Do16:
02/25/2011

(ompletion
Dole:
03/09 /2011

Deliver lo:
Assembt Deportmeni

Work
Stolion
i{o.

Produd
Operotion

o- Ouontily
Operotion
D6s.riplior

Stort
Dole & Time

Iinirh
Dole & Iine

Mt125
MLt 5-t 2
MU5-9
s28"17
t54-5
P89-t
oc9,
MH25

t00
r05
106
124
142
155
194
t0l

t,003
1,003
1 ,OO2
1 ,OO2
r,001
1,00t
1,00t
1,000

Tronsfer from slicck

Cut l,o shoPe
Corner cut
Tr.,m,& shope

Point
lnspect
Tronsler to ossembly

02/28
02/28
02/28
02/28
03/0r
03/0r
03/02
03/02

0700
0800
1030
I300
0800
1300
1400
1600

02/28
02/28
02/28
02/28
03/01
03/02
03/02
03/02

0800
1000
121fi
1700
Ir00
1300
r 600
1700

Explononon of numbers in Quantity column:
1 . Totol ot 1,003 sheets ol row moteriol used to produce I,@0 good ponels ond 3 reiected ponels.
2. One ponel not cut to proper shape, kus only 1 ,A02 unirs had operations 1 06 and 1 2r' pLrlorned

on then.
3. One ponel not propely turned and shaped; hence only I ,001 panels finished, pointed, ond

receiyed fi nol inspe.tion.
4. One ponel rejected dunng final inspec on; kus aly 1,000 good ponels transferred to ossenbly

depo r:,ent.

Notice that many of the documents used in the production cycle track the movement and
usage of raw materials. The use of bar-coding and RFID tags provides opportunities to improve
the efficiency and accuracy of these materials handting activities by eliminating the need for
manual entry of data. RFID also facilitates locating specific inventory because the scanning
devices are not limited to reading only those items that are directly in line-of-sight. This can be
especially useful in large warehouse and storage facilities, where items may get moved around to
male room for new shipmenls.

Finally, accurate production plannning requires irtegrating information about customer
orders (from the revenue cycle) with information about purchases from suppliers (fror the..
expenditure cycle), along with information about labor availability (ftom the HR-/payrcll cycle).
Figure 14-10 illustrates how an ERP system provides this integration. The system firstttecks
inventory on hand to determine how much needs to be produced to hll the new order. It then

FIGURE 14-7
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FIGURE.I4-8
Sample Materials
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Omega Electronics
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g
FIGURE 14-9
Example of lnventory
Transfer Screen

FIGURE 14-10
lllustration of How ERP

Systems lntegrate
Production cycle
lnformation with Data
from Other Cycles

Employee enters doto in these fields

lnc.

calcuiates labor needs and determines whether there is a need to schedule overtime or hire tem-

pomry help in order to meet the promised fill date. At the same time, intb nation in the bill of
miterials is used to determine what components, if any, need to be ordered. Any necessary pur-

chase orclers are sent to suppliers via electrodc data interchange (EDI). The master production

schedule is then adjusted to ilclude the new order. Notice how this sha ng of information aqross

the reveflue, production, and expenditure cycles in the mannerjust described enables companies

to efnciently maTge inventories by timing their purchases to meet actual customer demand.

Threats and Controls
Table 14-l shows that the primary threat in the planning and scheduliDg activity is over- or

underproduction. Overproduction can result in a supply of goods in excess of shott-run

denands, thereby creating potential cash l'low problems because resources are tied up in

Cusiomer orders moy
be monuolly entered,

ouiomoticolly entered
ihrough o website
or through on extronet

Purchose orders
for row moieriols
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inyentory. Overproduction also increases the risk of carrying inventory that becomes obsolete.

Conversely, underproduction can result in lost sales artd customer dissatisfaction because of lack
of availability of desi.red items. These threats are especially important for companies that produce

new, innqvative products, such as curent fashion clgthing, because the demand for such products
is much inore volatile thafl the demartd for staplLs and commodities, such as food or office
supplies.

Prodfrction plann.ing systems can reduce ithe risk of over- and underproduction.
Improverlrent requires accumte and current sales fo{ecasts and data about inventory stocks, infor-
marion thfit rhe revenue and expenditure cycle systelrns can provide. ln addition to improved fore-
casts, infdrmation about production performance, larticularly concerning tends in total time to
manufaclure each product, should be regularly coldcted. These data sources should be used peri-
odically to review and adjust the master production schedule.

Proper approval and authorization ofproduction orders is another control to prevent over- or
underproduction of specific items. The risk of unauthorized production ordem can be reduced by
restdcting access to the production scheduling program. Careful review and approval also
ensures that the co[ect production orders are released.

Production Operations

The third step in the production cycle is the actual manufacture of products (circle 3.0 in Figure
l4-2). The manner in which this activity is accomplished varies greatly across companies, differ-
ing according to the type of product being manufactured and the degree of automation used in
rhe production process.

Using various forms of information technology (IT) in the production process, such as

robots and computer-controlled machinery is referred to as computer-integrate-d manufaclur-
ing (CIM). CIM can significantly reduce production costs. For example. Nohhrop Grumman
Corporation once used 16,000 sheets of paper to record shop-floor work instructions related to
the manufacture of plane fuselages. Installation of online terminals at each assembly station
eliminated that paper flow and improved efficiency, reducing costs by 3070.

Accountants need not be experts on every facet qf CIM, but they must understand how it
affects both operations and cost accounting. One operational effect of CIMIs a shift from ma'ss

production to custom-order manufacturing. For example, every Nortfuop Grummaa product is

assembled to order. Each product, however, can use any of about 256,000 separate compoient$<
Thus, CIM requires redesign of inventory management systems and work flows to facilitate
quick changes in production. As we will discuss in the final section of this chapter, suctrflexibil-
ity in manufacturing opemtions also has implications for the design of cost accoutrting systems.

Threats and Controls
Theft of inventories (threat 6) and frxed assets (threat 7) are major concerns (see Table 14-1). In
addition to the loss of assets, thefts also result in overstated asset balances, which can lead to
erroneous analyses of financial performance and underproduction.

To reduce the risk of inventory loss, physiqal access to inventories should be restricted, and

all intemal movements of inventory should be documented. Thus, materials requisitions should
be used to authorize the release of rcw materials to production. Both the inventory conhol clerk
and the production employee receiving the raw materials should sign the requisition to acknowl-
edge release of the goods to productiol. Requests for additional materials in excess of the
amounts specified in the bill of materials should be documented and authorized by supervisory
personnel. Move tickets should be used to document subsequent movement of inventory through
various stages of the production process. The return of any materials not used in production a$o
should be documented. Wherever feasible, RFID tags or bar codes should be used to automate

the ffacking of inventories.
Proper segregation of duties is important to safeguard inventory. Maintaining physical custody

of the raw materials and finished goods inventories is the responsibility of the inve+tory stores

department. Department or factory supervisors have primary responsibility for work-in-process
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inventodes^. The authorization function, represented by the preparation of production orde6.
materials rEquisitions, and moye tickets, is the responsibiliq, of tle production plannen or, increas_
ingly, ofthe production information system itserf, RFID equipmeni bar-code scaaners, and online
terminals can be used to record moyemelt of inventory thereby maintaining accurare perpetual,-T*? ,.*qrjr Consequently, proper access controls and compatibility t;ts -" i*po.t"nt to

:r1ry: "" 
o+ly authorized-personnel have access to rhose records (control 6.4). Finally, an

emptoyee wifrout any custodial responsibility should periodically count inventory on hand. Any
discrepancies between these physical counts and recordid amounts should be investigated.

Similar controls are needed to safeguard fixed assets. First, all fixed asiets must be
identified and recorded (control 7.1) so rhat managers can be assigned responsibility and
accountability for fixed assets under their control. RFID tags proyide a cost_effective way to
monitor the location of fixed assets. As with inventory security measures should be in place tocontol physical access to fixed assets. Because manufacturing machinery and equipment are
often replaced before they are completely wom out, it is imp;rtant to formally approve and
accurately record their sare or disposal. A report ofan fixed-as;et hansactions sh;utd te printed
periodically and sent to the controller, who should verify that each transaction was pioperly
authorized and executed. The cost accounting system also needs to maintai[ accurate records of
acquisition cost, any improvements, and depreciation in order to properly calculate the gain or
loss arising&om such transactions.

Pqor performance is another threat to productiol operations, Training is one way to mitigate
this tfii-eat. Indeed, surveys ofmanufacturing companies repo.t a aireci retationsf,ip between time*spe 

-on training and overall productiyity. It is also important to regularly prepare and review
repdlts on performance in order to identify when additional training i needed.

Another threat associated with production cycle activities is suboptimal investment in fixed
assets- overinvestirtg in fixed assets can create excess costs; underinvestment can impair produc-
tivity. Both problems reduce profitability. Thus, proper authorization of fixed-asset transactiors
is important.

Acquisitions of fixed assets represent a special type of expenditure and lbllow the same
basic processes (order the fixed asset, receive it, and pay for it) and control procedures discussed
,n chapter 13 l$onetheless, rhe size ofmost fixed-asset transactions necessitates some modirrca-
tions of the processes used to acquire inventory and miscellaneous supplies. A supervisor or
manager, who provides details about expected cash flows and other costs and benefitJofthe pro-
posed eipenditure, should first recommend large capital expenditures. All such recommenda-
tions should be reviewed by a senior executive or by an executive committee and the various
projects ranked by prio ty. Smaller capital expenditures (e.g., those costing $10,000 orless) usu-
ally can be purchased directly out of departmental budgets, which avoids a formal approval
process Holding managers accountable for their departmelt's return on the fixed assets piovides
additional incentive to control such expenditures.

Another difference is that orders for machinery and equipment almost always involve a for_
mal request for competitive bids by potential supplieri. A do"r-"nt called, a request forproposql (RFP), which specifies the desired propertils of the asser, is sent to each prospective
supplier The capital investments committee should review the responses and select the bist bid.
Once a supplier has been selected, the acquisition of the asset may be handled through the regu-
lar expenditure cycle process, as described in Chapter 13. Specifically, a formal purchase ordei is
prepared, receipt of the asset is formally documented using a receiving report, and a disburse-
ment voucher is used to authorize payment to the supplier The same set of processing controls
and edit checks emproyed for other purchases arso ihourd be used for fixed-asset acluisitions
(for details, refer back to the discussion in Chapter 13).

Another threat noted in Table 14-1 is that both inventories and fixed assets are subject to loss
due to fire or other disasters. physical safeguards, such as fire suppression systems, are designed
to prevent such disasters. However, because preventive controls ari never 1007o effective, orlan-
izations also need to purchase adequate insurance to cover such losses ancl provide for replice_
ment of those assets.

. A related concem is disruption of production activities (tbreat l l). The high level ofautoma_
tion in production cycle activities means that disasters, such as the p;wer outages experienced in
Califomia in recent years, not only intefiupt the functioning of information systems but can also
disrupt manufacturing activities. Backup power sourc"r, ,.,-"h ua g"r"rutorr, and uninterruptible
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power supply devices should be acquired to ensure that critical equipment and machinery is not
damaged by sudden unexpected loss of power and that important production processes can con-
tinue on schedule. Companies also need to investigate the disaster preparedness of key suppliers
and identify altemative sources for critical components. This is especially imponant for com,pa-
nies that practice lean manufacturing; they maintain low inventories of both raw materials +nd
finished 

$oods. so any disruptions to either their manufacturing activities or those of their suppli-
ers can qtickly result in lost sales. !

I

Cost Accounting

The final step in the production cycle is cost accounting (circle 4.0 in Figure 14-2). The three
principal objectives of the cost accounting system are (1) to provide information for planning,
contuolling, and evaluating the performance of production operations; (2) to provide accurate
cost data about products for use in pricing and product mix decisions; and (3) to collect and
process the information used to calculate the inventory and cost of goods sold values that appear
in the company's financial sratements.

Process
To successfully accomplish the first objective, the cost accounting system must be designed to
collect real-time data about the performance of production activities so that management can
make timely decisions. To accomplish the other two objectives, the cost accounting system must
classify costs by various categodes and then assign those costs to specific products and organiza-
tional units. This requires careful coding of cost data during collection, because often the same
costs may be allocated in multiple ways, for several different purposes. For example, factory
supervisory costs may be assigned to departments for performance evaluatio\purposes but to
specific products for pricing and product mix decisions.

Most companies use either job-order or prccess costing to assign production costs. Job-
order costing assigns costs to specific production batches, orjobs, and is used when the product
or service being sold consists of discretely identifiable items. For example, construction compa-
nies usejob-order costing for each house being built. Similarly, public accou.nting and lalV firms
use job-order costing to account for the costs of individual audits or cases, respectively. AOE cur-
rently uses job-order costing.

In conhast, process costing assigns costs to each process, or work center, in the produotiork
cycle, and then calculates the ayerage cost for all units produced. Process costing is used when
similar goods or services are produced in mass quantities and discrete units cannot b-*adily
identified- For example, breweries accumulate the costs associated with the various processes
(e.g., mashing, primary fermentation, filtering, and bottling) in producing a batch of a particular
kind of beer and then compute the ayerage total unit cost for that product. Similarly, mutual
funds accumulate the costs associated with handling customer deposits and withdrawals ahd then
compute the per-unit costs of those transactions.

The choice of job-order or process costing affects only the method used to assi8n costs to
products, not the methods used to collect that data. Let us now examine how data about raw
materials used, labor hours expended, machine operations performed, and manufacturing over-
head are collected.

RAW MATERIALS USAGE DATA When production is initiated, the issuance of a materials
requisition triggers a debit to work in process for the raw matedals sent to production. If
additional materials are needed, another debit is made to work in process. Conversely, work in
process is credited for any materials not used and returned to inyentory. Many raw materials g{e

bar-coded so that usage data can be collected by scanning the products when released from,Sr
retumed to, inventory. Increasingly, manufacturers are using RFID tags to further improve the
efhciency of tracking materials usage. In fact, if RFID tags are applied to individual products,
companies may, if they desire, adopt the specific identification method for hacking inyentory. lt
is difficult, howeyer, to use bar codes or RFID tags for some items, such as liquidr. Inventory
clerks and factory workers must use online terminals to enter usage data for such items.
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DIRECT LABOR COsTs Irl the past. AOE and other manufacturers used a paper document called
.. nb-time tlcket ro collect data about labor activity. This document recorded the amount of time

a-*orker spent on each specific job task. Now, as shown in Figure 14-3, workers enter this data

using online termilals at each factory ]vorkstation. To further improve the efficiency of this

process, AOE is considering switching tb coded identification cards, which workers would run

thr6'ugh a badge reader or bar-code scanner when they start and finish aay task. The time savings

associated with using bar-coding to autbmate data collection can be significant. For example,

Consolidated Diesel Company found ithat using bar-code scanners to capture data about

materials usage and labor operations daved about 12 seconds pel workstation, pel activity.

Although this;ay not seem like much,lwhen multiplied by the hundreds of workstations and

multiple activities performed daily bj' hundreds of employees' the change resulted in a

permalent 157, increase in productivity.

MACHINERY AND EQUIPMENT USAGE As companies implement CIM to automate the

production process, an ever larger proportion of product costs relate to the machi[ery and

equipment uied to make that product. Data about machinery and equipment usage are collected

aieach step in the production process, often in conjunction with data about labor costs' For

example, when workers record their activities at a particular workstation, the system can also

record information identifying the machinery and equipment used and the duration of such use.

Until r-ecentli; this data was collected by wiring the factory so that each piece ofequipment was

linked4rithe computer system. This limited rhe ability to quickly and easily ledesign the layout

of lhe shop floor to improve production efficiency. Consequently, many manufacturing

impanies ite replacing such wired connections with wireless technology Doing so enables

them to use new 3-D simulation software to evaluate the effects of modifying shop-floor layout

and workflow and to.easily and quickly implement beneficial changes

MANUFACTUR'NG OVIRHEAD COSTS Manufacturing costs that are not economically feasible

to trace directly to specific jobs or processes are considered manufacturing overhead'

Examples include the costs of water, power, and other utilities: miscellaneous supplies; rcnt,

insurance, and propeny taxes for the factory plant; and the salaries of factory supervisors' Most

of these costs arelcollected by the expenditure cycle information system (see Chapter l3), with

the exception of supervisory salaries, which are processed by the human resources cycle

infomation system (see Chapter l5).
Accountants can play a key role in controlling overhead costs by carefully assessing how

changes in product mix affect total manufacturing overhead. They should go beyond merely col-

tecting such data, however, and identify the underlying factors that drive the changes in total

costs. This information then can be used to adjust production plans and factory layout to maxi-

mize efficiency and profitability. As *re AoE case illustrates, to do this effectively requircs that

the cost accounting system be redesigned to collect and report costs in a manner consistent with

the production planning techniques of the company. For example, lean manufactudng empha-

sizei working in teams and seeks to maximize the effrciency and synergy of all teams involved in

making 4 particular product. Consequently, Elizabeth Venko realizes that collecting and report-

ing labor variances it the individual or team leyel may create dysfunctional incentives to maxi-

mize local performance at the expense of plantwide performance. Therefore, she plans to

redesign AoE,s cost accounting system so that it collects and reports costs in a manner that high-

lights the join / contributions of all teams that make a particular product

fhreats and Controls
As the AOE case illustated, inaccurate cost data (threat 12 in Table 14-l) can diminish the effec-

tiveness of production scheduling and undermine management's ability to monitor and control

manufactudng operations. For example, inaccurate cost data can result in inappropriate decisions

about which products to make and how to set current selling prices. Errors in inventory Iecords

can lead tO either oyel- Or underproduction of goods. Overstated fixed assets increase expenses

through extra depreciation and higher propefiy taxes. Understated fixed assets also can cause

problems; for example, inaccurate counts of the number of personal computers in use can cause

a company to unknowingly violate software license requirements. Inaccuracies in financial state-

ments and managerial repolts can disto analyses of past peformance and the desirability of
future investments or changes in operations.
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The best conhol procedure to ensure that data entry is accurate is to automate data collection

using RFID technology, bar-code scanners, badge readers, and other devices. When this is not

feasible, online terminals should be used for data entry and should employ the various data entry

edit controls discussed in chapte{ 10- For example. check digits and closedJoop verification

should be used to ensure that infdrmation about the mw materials irsed, operations perforrped,

and employee number is entered correctly. Validity checks, such as comparing pan number]s of
raw materials to those listed in thf bill of materials file, provide lurther assurance of acculpcy.

Finally, to verify the accuracy of patabase records. periodic physical counts of inventories and

fixed assets should be made and cdmpared with recorded quantities.

Accuate cost data are not suf,ficient, however. As the AOE case showed, poorly designed

cost accounting systems misallocate costs to products (threat 13) and produce misleading reports

about production cycle activities (threat 14), both of which can lead to erroneous decisions and

frustation. The following two subsections explain how activity-based costing systems and inno-

vatiye performance metrics can mitigate these problems.

IMPROVED CONTROL WITH ACTIVITY-BASID COSTING SYSTEMS Traditional cost systems use

volume-driven bases, such as direct labor or machine hours, to apply overhead to products. Maly
oyerhead costs, however, do not vary directly with production volume. Purchasing costs, for
example, yary with th€ number ofpurchase orders processed. Similarly, receiving costs Yary with
the number of shipments from suppliers. Setup and materials handling costs vary with the

number of different batches that are run, not with the total number of units produced. Thus,

allocating these types of oyerhead costs to products based on output Yolume overstates the costs

of products manufactured in large quantities. It also understates the costs of products

manufactured in small batches.

In addition, allocating overhead based on direct labor input can distort costs across products.

As investments in factory automation inctease, the amount of direct labor used in pioduction

decreases. Consequently, the amount of overhead charged per unit of labor increases dramati-

cally. As a result, small differences in the amount of labor used to produce two products can

result in significant differences in product costs. \
Activit!-baseil costing' can refine and improve cost allocations under both job-order and

process cost systems. It attempts to trace costs to the activities that create them, such as grinding

or polishing, and only subsequently allocates those costs to products or departments. An under-

lying objective of activity-based costing is to link costs to corporate strategy. Corporate stmtegy

resuits in decisions about what goods ald services to produce- Activities m'ust be performed to -

produce these goods and services, which in tum incur costs. Thus, corporate strategy determines

costs. Consequently, by measuring the costs ofbasic activities, such as materials handlingdfprol
cessing purchase orders, activity-based costing provides information to management for evaluat-

ing the consequences of stategic decisions. --"i
Activity-based costing systems differ from conventional cost accounting sy919ms in three

important ways:

1, Activity-based cost systems attempt to directly trace a larger proportion of overhead costs

to proJucts. Advances in IT make this feasibte. For example, RFID technology and bar-

coding facilitate tmcking the exact quantities of miscellaneous parts used in each product

or process stage. When implementing activity-based costing systems, accountants observe

production operations and interview factory workers and supervisors to obtain a better

understanding of how manufacturing actiYities affect costs.

2. Activity-based cost systems use a greater number of cost pools to accumulate indirect costs

(manufacturing oyerhead). Whereas most traditional cost systems lump all overhead costs

together, activity-based costing systems distinguish three separate categories of overhead:

a Batch-related overhead. Examples include setup costs, inspections, and materials han-

dling. Activity-based cost systems accumulate these costs for a batch and then allocate

them to the units produced in that batch. Thus, products produced in large quantities hale
lower batch-related overhead costs per unit than products prcduced in small quantities.

t
lln this section, we provide an overview of aclivjty_based costing, its effects on the cost accouoting system, and its ben-

efits. For additional details on the mechanics of activity_based cosdng. see any cost accounting textbook.
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a ProCud-related ove;head. These costs are related to the diversity ofthe company's
product line. Examples include research and development, expediting, shipping and
receiving, environmental regulations, and purchasing. Activity-based cost systems try
to link these costs to specific products when possible. For example, if a fompany pro-

.- duces tbree product lines, one of which generates hazardous waste, an aftivity-based
i cost system would charge only that one set of products for alt the costs Qf complying

with environmental regulations. Other costs, such as purchasing raw maferials. might
be allocated across producis based on the relative number of purchase o{ders required
to make each product, 

Ia Companywide overhead. This category includes such costs as rent ol properB
taxes. These costs apply to all products. Thus, activity-based cost systems typically allc.
cate them using departmental or plant rates.

3- Activity-based cost systems attempt to rationalize the allocation of overhead to products by
identifuing cost drivers. A cost driyer is anything that has a cause-and-effect relationship
on costs. For example, the number ofpurchase orders processed is one cost driver of pur-
cb4sing department costs; that is, the total costs ofprocessing purchase orders (e.g., pur-
chasing department salaries, postage) vary directty with the number ofpurchase orders that
are processed. As in this example, cost ddvers in actiyity-based cost systems arc often non-
flnancialvariables. In conffast, traditional costing systems often use financial variables,
sllgb as dollar volume of prirchases, as the bases for allocating manufacturing oyerhead.

t. ERP systems make it easier to implement activity-based costing because they provide detailed
infoi'nration about the steps required to process a transaction. For example, the time (and therefore
the cost) of requisitioning the raw materials needed to manufacture a product depends upon the
nilmber of componsnts in the frnished product. Accountants and engineers can observe and calcu-
late the average time it takes to retrieve one component from inventory. That time measure can then
be multiplied by the number of line items in a production order (automatically recorded by the ERP
system) to calculate the materials requisition costs for each different finished product.

Proponents of activity-based costing argue that it provides two important benefits: More
accurate cost datl result in better product mix and pricing decisions, and more detailed cost data
improve management's ability to contol and manage total costs.

Better De(isions Traditional cost systems tend to apply too much overhead to some products
and too little to others, because too few cost pools are used. This leads to two types of problems,
both of which AOE experienced. First, companies may accept sales contracts for some products
at prices below their true cost of production. Consequently, although sales increase, profits
decline. Second, companies may overprice other products, thereby inviting new competitors to
enter the market. Ironically, if more accurate cost data were available, companies would find that
they could cut prices to keep competitors out of the market and still make a profrt on each sale.
Activity-based cost systems avoid these problems because overhead is divided into three
categories and applied using cost drivers that are causally related to production. Therefore,
product cost data are more accurale.

Activity-based costing also makes better use of production data to improve product design.
For example, the costs associated with processing purchase orders can be used to calculate the
purchasing-related overhead associated with each component used in a finished product.
Engineering can use this information, along with data on relative usage of components across
products, to identify unique components that could be replaced by lower-cost, more commonly
used parts.

Finally, activity-based cost data improve managerial decision making by providing informa-
tion about the costs associated with specific activities, instead ofclassifying those costs by finan-
cial statement category. Table 14-3 shows an example of how this rearangement of data can
improve managerial analysis by focusing attention on key processes. Notice how the traditional
cost report dmws attention to the fact that trayel and software costs are above budget. The activ-
ity-based cost report, in conhast, shows which activities (trai\ing, testing, maintenance and sys-
tems analysis) are running over budget, and which are not.

lmproved cost Management Proponents argue that another advantage of activity-based costing
is that it clearly measures the results of managerial actions on overall profitability. Whereas
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TABLE 14-3 Comparison of Reports Based on Activity-Based and
Traditional Cost Systems

Budget Actua I Variance

Salaries

Computer software

Travel
Supplies

Total

$386,000

845,000

124,000

$ 1,380,000

$375,000

855,000

150,000

$ l,400,000

$ l 1,000

( 10,000)
(26,000)

5,000
($20,000)

ACTIVIry-BASED COSTING ANALYSIS

Budget Actua I Varia ncd

Systems analysis

Coding

Testing

Maintenance

User support

Repol ts

Training
Total

$200,000

440,000

235,OOO

250,000

90,000
87,000

78,000

$1,380,000

$210,000
400,000

250,000

2',7 5,OOO

50,000

75,000

140,000

$1,400,000

($ 10,000)

40,000
( r 5,000)
(25,000)

40,000

12,000
(62,000)

($20,000)

\-

traditional cost systems only measure spending to acquire resources, activity-based cost systems
measure both the amount spent to acquire resources and the consumption of those resources.
This distinction is reflected in the following formula:

Cost of activity capability : Cost of activity used + Cost of unuied capacity

To illustuate, consider the receiving function at a manufacturing fiIm such as AOE. The total
monthly employee cost in the receiving department, including salaries and benefits, reirtsetts
the cost ofprovidirlg this function-receiving shipments from suppliels. Assume that the salary
expense of the receiving department is $100,000, and assume that the number of employees is

sufficient to handle 500 shipments. The cost per shipment would be $200. Finall!, assume that
400 shipments are actually received. The activity-based cost system would report that the cost of
the receiving activity used is $80,000 ($200 x 400 shipments) and that the remaining $20,000 in
salary expense represents the cost of unused capacity.

In this way, performance reports that activity-based cost systems generate help direct mana-
ge al attention to how policy decisions made in one area affect costs in another area. For exam-
ple, a purchasing department manager may decide to incrcase the minimum size of orders to
obtain larger discounts for bulk purchases. This would rcduce the number ofincoming shipments
that the receiving department must handle, thereby increasing its unused capacity. Similarly,
actions taken to improve the efficielcy of operations, such as requi ng vendors to send products
in bar-coded containers, increase practical capacity and create additional unused capacity. In
either case, activity-based cost performance reports highlight this excess capacity for managerial
attention. Management can then try to improve profitability by applying that unused capacity to
other revenue-generatinp activities.

IMPROVED CONTROL WITH INNOVATIV€ ?ERrORMANCE METRICS Modern approaches to
production, such as lean manufacturing, differ significantly from traditional mass productiofl.
One major difference is a marked reduction in inventory levels of finished goods, because
production is scheduled in response to customer demand instead of projections blsed on prior
years. Although this is beneficial in the long run, it often creates a short-term decline in reported

TRADITIONAL COST REPORTS,

BASED ON GENERAL LEDGER ACCOUNT CATEGORIEs
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profitability. The reason: Traditional financial accounting reds inventory as an asset. Thus. rhe
costs of p6ducing invenlory are not recognized until rhe products are sold. When a company
switches from mass produc on to lean manufactudng, it rcduces existing inventory )evds, t
the result that costs incurred in prior pedods to creqte that inventory are now expensed. In
addition. because leah manufacturing seeks to minimize rhe creation of additipnal inventories.
aihost atl labor ancl oyerhead costs are expensed in the current period, instead {fbeing allocated
to inventory and thereby realed as art asset and deferred to furure periods. Theicomhined effect
of these changes ofte{ results in a marked increase in expenses in the year of transitioning to lean
accounting. Although this effect is only temporary, it can create significant concern among
managers, particularly if their performance evaluations are based primarily on the company's
reponed fi nalcial sta[ements.

To address these problems, CPAS who work for and with companies that have adopted lean
manufacturing techniques advocate supplementing traditional financial reports based on GAAP
with additional reports based on lean accounting'z principles. One suggested change involves
assigning costs to product lines instead of depaftments. For example, all the costs incurred to
design, produce, sell, deliver, process customer payments, and provide postsales support are
grouped by product. Another change involves reporting overhead costs as a separate item, mther
than including them in the calculation of the cost of goods sold. Lean-accounting reports also
identify thachange in inventory as a separate expense item, to more clearly reveal the effect of
inven19ry levels on repored profits.

In addition to changing the structure of performance reports, accountants should also
<levelep and refine new measures designed to focus on issues important to production cycle man-
ageis. Two particularly important issues are the level of usable output produced per unit of time
and measures of quality conhol.

Throvbhput: A Measure o{ Production E*fectiveness Throughput represents the number of good
units produced in a given period of time. It consists of three factors, each of which can be

separate\) control\ed, as shown irt the fo\\ou,ing tormu\a3 :

Throughp\t = (Total units produced/Processing time) X (Processing timellotal time)
- 1 x (Good units/Iotal units)

Productive capacity, the first term in the formula, shows the maximum number of units that can
be produced using cufient technology. Productive capacity can be increased by improving labor
or machine efficiency, by rearranging the factory-floor layout to expedite the movement of mate-
rials, or by simplifying product design specifications. Productive processing time, the second
telm in the formula, indicates the percentage of total production time used to manufacture the
product. Productive processing time can be improved by improving maintenance to reduce
machine downtime or by more efficient scheduling of material and supply deliveries to reduce
wait time. Yield, the third term in the formula, represents the percentage of good (nondefective)
units produced. Using better-quality raw materials or improving worker skills can improve yield.

Quality'control Measlres Information about quality costs can help companies determine the
effects of actions taken to improve yield and identify areas for further improvement. Quality
conhol costs can be divided into four areas:

l. Prevention costs Ne associated with changes to prcductiol processes designed to teduce
the product defect rate.

2. Inspection costs are associated with testing to ensurc that products meet quality standards.
3. Internal failure coJrs are associated with reworking, or scrapping, products identified as

being defective prior to sale.
4. Ex.ternal failure cosb result when defective produats are sold to customers. They include

such costs as product liability claims, warranty and repat expenses, Ioss ofcustomer satis-
faction, and damage to the company's rcputation.

2The introductory material in this section is based on an article by Kare; M. Kroll, "The Lowdown on Lean
Acconnting:' Joumal ofAcco ntancy (lnly 2tn4\ 69-76.
3This formula was developed by Carole Cheatham in "Measuring and Improving Throughput," ./o!rn al of Accou ta cy
(March 1990):89 91.
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The ultimate objective of quality control is to "get it right the first time" by manufacturing
products that meet customer specifications. This often requires trade-offs amorg the four quality
cost categories. For example, increasing prevention costs can lower inspection costs as well as

intemal and extemal failure costs. Many companies have found, however, that increased spend-

ing to prevent detects reduces total manufacturing costs. ln addition, im{roved quality control
can also help cgmpanies become "greener." For example, when the Suparu plant in Indiana
redesigned its n\anufacturing process. it reduced the amounr of electricitylrequired to produce a
car by l47o and fotally eliminated waste sent to landfills.

Summary and Case Conclusion

The production cycle consists of four basic activities: product design, production planning and

scheduling, production operations, and cost accounting. Companies are continually investing in
IT to improve the efflciency of the first three activities. Howeveq for a business to reali the full
benefit of these changes, corresponding modifications must also be made to the cost accounting
system. In addition, accountants need to modify financial reports and develop new measures that
more accurately reflect and measure manufacturing performance.

After completing her tour of the factory Elizabeth Venlo was convinced that some major
changes were required in AOE's cost accounting system. For example, although AOE's produc-
tion operations were highly automated, manufacturing overhead was still being allocated based

on direct labor hours. This resulted in distorted product costs due to small differehces in the
amount of direct labor used to assemble each item. Elizabeth decided that the solution was to do
more than merely change the allocation base. Instead, AOE would implement activity-based
costing. A number of different pools would be used to accumulate overhead costs, and the appro-
priate cost drivers would be identified for use in assigning those costs to specifitproducts. Based

on her research, including conversations with a controller at another company that had recently
implemented an activity-based costing system, Elizabeth believed that these changes would
solve AOE's problems with product pdcing and mix decisions and more accurately reflect the
effects of investments in factory automation.

Elizabeth also decided that three other major changes were needed in.the repods the pro-
duction cycle information system produced. First, data about all the costs associated with
quality control, not just those involving rework and scrap, should be collected and reperted.
Second, perfonnance reports should include nonfinancial measures, such as throughput, iB
addition to financial measures. Third, lean accounting principles, rcther than GAAP, could be
used to create financial reports intended for internal use. She discussed with Lenoy tElikety
behavioral effects of these changes. They agreed that identifying the different cornponents of
quality control costs should encourage continued investments that would be likely to improve
the overall yield rate. Further, separately showing the effect of changes in inventory levels on
profits would make it easier to reward efforts to reduce inventory levels. They also agieed on
the need to closely monitor the effects of any new performance reports and make appropriate
modifications to them.

Ann Brandt realized that Elizabeth's proposed changes would necessitate a redesign of
AOE's production cycle database. In addition, the desire for more timely and accurate informa-
tion would require additional investments in RFID technology to replace the use of bar codes
wherever feasible.

Elizabeth and Ann presented their plans at the next executive meeting. LeRoy Williams was
satisfied that the changes would indeed address his complaints abolt AOE'S curent production
cycle information system. Linda Spurgeon supponed the proposal and agreed to fund the neces-
sary changes. She then told Elizabeth and Ano that their next task was to look at ways to improJe
AOE's HR and payroll process.
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AIS 
'N 

ACTION

= 
1. *Most costs are locked ill at which stage in the prcduction cycle?

a. product design c production opemtions

. b. productionplanning d cost accountrng

2. Which of the following is an advantage of bar-coding over RFID?

a.

b.

speed

accuIacy

the other three comPonents?

a. prevention costs

b. inspection costs

following threats?

a. recording and Posting errors

b. loss of inventory

c. cost
d. safetY

c. intemal failure costs

d. extemal failure costs

3. Which dqdument lists the components needed to manufacture a specific product?
-' 

u. op"r"tion, tist c bill of materials

i. ,,iort". proao"tion schedule d' production order

4. Which document caPtures information about labor used in production?

a. move ticket c' oPerations list-

b. job-time ticket d bill of materials

5. An increase in which component of quality costs is most likely to result in a decrease in

6. Activity-based costing can be used to rehne which of the following?

a. job-order costillg c bothjob-order and process costing

b. process costing d' neither job-order nor process costing

7. Which system is most likely to be used by a company that mass-produces large batches of

standard items in anticipation of customer demand?

a. MRP-II c' activity-based costing

b. lean manufacturing d' throughput

8. The development of an MPS would be most effective in preventing which of the

c. production of poor-quality goods

d, excess Production

9. Which control procedure is probably leasl effective in reducing the threat of inventory loss?

a. limiting physical access to inventory

b. documinting all transfe$ of inventory within the company
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c. regular materials usage reports that highlight variances from standards
' d' pedodically couuting inventory and investigating any discrepaacies between those counts

and recorded amounts

10. What is the number of good units produced in a gi]en period of rime called?
a. producrive capacity cr yi;ld
b. productive processing rime al ifougt put

l

Discussion Ouestions

14.1. When actiyity-based cost reports iDdicate that excess capacity exisrs, management should
either find altemative revenue_enhancing uses for that capacity or eliminatJit through
downsizing. What factors influence managemenr.s decision? fuhat are the Iikely behav_ioml side effects of each choice? What implications do those side ellects have fo( thelong-r:n usefulness of actiyity_based costiystems?

14.2. Why should accountants participate in product design? What insights about costs can
accountants contribute that differ from the perspectives ofpurchasing managers and
engineers?

14.3. Some companies have eliminated the collection and rcporting ofdetailed analyses on
direct labor costs broken down by various activities. Instead,irst_line supervisors ale
responsible for controlring the total costs of direct labor. Thejustificatio; for this argu-
ment is that labor costs represent only a small fractjon of the total costs ofproducing aproduct and are nor worth the time and effo to trace to indiyidual activitiei. Do yoJ
agree or disagree with this argumellt? Why?

14.4. Typically, McDonald,s produces menu items in advance of customer ordLs based on
anticipated demand. In contrast, Burger King produces menu items only in response to
clstomer orders. Which system (MRp_II or lean manufactudng) does each company use?
What are the relative adyantages and disadvantages of each sys'tem?

14.5. Some companies have switched from a ,,management 
by exception,,philosophy to a

"continuous improvement,' viewpoint. The change is sultle, but signihcant. Continuous
improvement foclses on comparing actual performance to the idei 1i.e., perfectionf;
Consequently, all variances are negative (how can you do better than perfect?). The
largest variances indicate the areas with the greatest amount of .,waste,,, 

and, cor+espond_
ingly,.the greatest opportunity for improving the bottom line. What are the- a(vanrajes
and disadvantages of this practice?

Problems

14.1. Match rhe terms in the left column with their definitions from the right column:

- 
1. Bill of materials

- 
2. Operations list

- 
3. Master production

schedule

- 
4. Lean manufacturing

- 
5. Production order

- 
6. Materials requisition

a. A factor that causes costs to change

b. A measure of the number of good units produced in a
period of time

c. A list of the raw materials used to create a finished
product

d. A document used to authorize removal of raw materiafu
from inventory

e. A cosl accounting merhod that assigns cosrs lo producls
based on specific processes performed

f. A cost accounting method that assigns costs t6 specific
batches or production runs and is used when the product
or service consists ofuniquely identiflable items



- 
7. Move ticketI

j 8. Job-time ticket

l- 9. Job-order costine

I

-,,--110. Cost driver

-----11. Throughput

-12. 
Computer-integrated
manufacturing

m. A production planning technique that is an extension of
the just-in-time inventory control method

'" n. A production planning technique that is an extension of
the materials requirement planning inventory contuol

method

;; o. A term used to refer to the use of robots and other IT
techniques as part of the production process

14.1: What intemal control procedure(s) would best prevent or detect the following
problems?

. a. A production order was initiated for a product that was already overstocked in the

company's warehouse.
b. A production employee stole items of work-in-process inventory.
c. The "rush-order" tag on a partially completed production job became detached from

the materials and 1ost, resulting in a costly delay.

d. A prodlrction employee entercd a materials requisition form into the system in order to
steat $3b0 worth of parts from the ruw materials storercom.

e. A production worker entering job-time data on aII online terminal mistakenly entered

3,000 instead of 300 in the "quantity-completed" field.
f. A production worker entering job-time data on an online terminal mistakenly posted

the completion of operation 562 to production order 7569 instead of production
order 7596.

g. A parts storeroom clerk issued parts in quantities 10% lower than those indicated on
several materials requisitions and stole the excess quantities.

h. A production manager stole several expensive machines and covered up the loss by
submitting a form to the accounting department indicating that the missing machines

were obsolete and should be written off as worthless.
i. ! The quantity-on-hand balance for a key component shows a negatiYe balance.
j. A factory supervisor accessed the operations list file and inflated the standards for

work completed in his department. Consequently, future performance rcports show

favorable budget variances for that department.
k. A factory supervisor wrote off a robotic assembly machine as being sold for salvage

but actually sold the machine and pocketed the proceeds.

l. Overproduction of a slow-moving product resulted in excessive inventory that had to
eventually be marked down and sold at a loss.

14.3. Use Table 14-1 to create a questionnaire checklist that can be used to evaluate contols for
each of the basic activities in the production cycle (product design, planning and schedul-

ing, production operations, and cost accounting).

Required
a. For each qontrol issue, write a Yes/No question such that a "No" answer represents a

control weakness.

b. For each Yes/No question, wdte a brief explanation of why a "No" answer represents a

controi weakness-
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g. A cost accounting method that assigns costs to each step

or work center and then calculates the average cost for all
products that passed through that step or work center

h. ,A document that records labor costs associated with man-
ufacturing a product 

I

Ii. A document that tracks pansfer of inventory from one

work center to another

j. A document that authodzes manufacture of a finished good

k. A document that lists the steps required to manufacture a

finished good

l. A document that specifies how much of a finished good

is to be produced during a specific time period
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14.4, You haye recendy been hired as the contuoller for a small manufacturing firm that makes
high-definition televisions. One of your first tasks is to develop a report measuring
throughput.

Bequired 
r

Descdbe the data required to measure throughput pnd the most efficient and accurate

method ofcollecting that data. I

14.5, The Joseph Brant Manufacturing Company makes athletic footwear. Processing of produc-
tion orders is as follows: At the end of each week, the production planning department pre-
pares a master production schedule (MPS) that lists which sho€ styles and quantities are to
be produced during the next week. A production order preparation program accesses the
MPS and the operations list (stored on a permanent disk file) to prepare a production order
for each shoe style that is to be manufactured. Each new production order is added to the
open production order master file stored on disk.

Each day, parts depafiment clerks review the open production ordeff and tle MPS to
determine which materials fleed to be released to production. All materials are bar-coded.
Factory workers work individually at specially designed U-shaped work areas equipped
with several machines to assist them in completely making a pair of shoes. Factory work-
ers scan the bar codes as they use materials. To operate a machine, the factory workers
swipe thefu ID badge through a reader This results in the system automatically collecting
data identifying who produced each pair of shoes and how much time it took to make
them.

Once a pair of shoes is finished, it is placed in a box. The last machine in each work
cell prints a bar-code label that the worker affrxes to the box. The completed shoes are
then sent to the warehouse.

Required
a. Prepare a data flow diagram of all operations described. \
b. What control procedures should be included in the system?

14.6. The XYZ Company's current production processes have a scrap rate of 1570 and a return
rute of 37o. Scrap costs (wasted materials) are $12 per unit; warranty/repair costs average

$60 per unit retumed. The company is considering the following alternatives to improve
its production processes:

. Option A: Invest $400,000 in new equipment. The new process will also requif,e'an._

additional $ I .50 of raw materials per unit produced. This option is Fedicied to
rcduce both scrap retum rates by 407, from current levels.

. Oprion B: Inresi$5o,0oo in new equipment. bur speod an addirional $J20 on liigher-
quality raw materials per unit produced. This option is predicted to reduce both scrap

and rctum rates by 907o from current levels.
. Option C: Invest $2 million in new equipment. The new process will require ao

change in raw materials. This option is predicted to reduce both scrap and return
rates by 507o from current levels.

Required
a. Assume that curent production levels of 1 million units will continue. Which option

do you recomrnend? Why?
b. Assume that all of the proposed changes will increase product quality such that pro-

duction will jump to 1.5 million units. Which option do you recommend? Why?

14.7, Excel Problem

Required
a. Create the following spreadsheet (next page):
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b. Create formulas to calculate the following:
, . Accumulated depreciation (all assets use the straight-line method; all assets

acquired any time dudng the year get a full year's initial depreciation)

. Curent year's depreciation (struight-line method, full amount for initial year in

which asset acquired)
. Ending accumulcled deprecirtion
. Net bqok value at end of Period
. Currint year in the cell to the right of the phrase "Depreciation schedule for year"

.Columntotalsforacquisitioncost,beginningdepreciation,currentdePreciation'
ending accumulated depreciation' net book value

.Inthecelttotherightofthearowfollowingthetext"Cross-footingtest;'createa
formula that checks whether the sum of the net book value column equals the sum

of acquisition costs minus the sum of ending accumulated depreciation' If the two

values match, the formula should display the text "Okay"; otherwise, it should dis-

play the text "Error."
c. Create a table at the bottom of your worksheet that consists of two columns: (1) asset

name (values should be chair, desk, Iaptop, monitor, softwarc, arrd workstation); and

(2) net book value (create a formula to calculate this number), assuming that the cur-

lent date is 06/30/2011. Then:
. Create a formula that sums the total net book values for all classes of assets'

. In the cell to the dght of the total net book Yalues for all asset classes, create a

formula that compares the total rlet book values for all classes of assets to the

sum of all net book values in the top portion of the sPreadsheet The formula

should retum "Okay" if the two totals match or "Error: Sum of net book values

by asset class does not equal sum of all net book values" if the two totals do not

equal one arlother.

d. Enter your name in row 1 iII the cell to the right of the text "Name-"

14.8. Excel Problem

Task: Use Excel and the Solver add-in to explore the effect of various resource constraints

on the optimal product mix.
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a. Read the adicle "Boost hohts With Excel," by James A. Weisel in the December 2003
issre of the Joumal of Accountancy (a'tailable online at the AICPA s Web site, www.
aicpa.org).

b. Download the sample spreadslreet discussed in the article, and print out fhe screen-
shots showing that you used tlie Solver rool as discussed in the article.

c. Rerun the Solver program to {etermine the effect of the following actions ort income
tprint out the resuJts of each oprion;: 

]. Double market share limitdtions for all d[ee products
. Double market share limit{tions for all three products plus the follo\^}ing constaint:

sauce case sales cannot exCeed 507o ofthe sum of soup and casserold case sales

14.9. Excel hoblem

Required
Create the spreadsheet shown in Figure 14- I 1. Write formulas to calculate tle total
depreciation expense and to display the corect yalues in the following three columns:
Age, Depreciation Rate, and Depreciation Expense. (Iiizt:You will need to use the
VLOOKIIP and MATCH functions to do this. You may also want to read rhe a.rticle
"Double-Teaming In Excel," by Judith K. Welch, Lois S. Mahoney, and Daniel R.
Brickner, in the November 2005 issue of the Joumal ofAccoun ar?cy, from which
this problem was adapted.)

FIGURE 14.11
Spreadsheet for
Problem 14-9
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AIS 
'N 

ACT'ON SOLUTIONS
Ouiz Key

..

1. Most tbsts are locked in at which stage in the production cycle?

)d-product design (Correct. Decisions made during product design determine the majority

- of costs.)* 
* b. production planning (Incorrect. Decisions made during product design determine the

majority oI costs.)

, c, productio4 opemtions (Incorrect. Decisions made during product design determine the

majority of costs,)

d. cost accounting (Incorrect. Decisions made during product design determine the

majority of costs.)

2. Which of the following is an advantage of bar-coding over RFID?

a, speed-ftncorrect. RFID technology can read information from multiple items at the

same time, whereas bar-code scanners can read only one item at a time ln addition'

employees spend time aligning the bar codes on each item with the reader')

b. accuracy (Incorrect. In certain applications, RFID is more accurate than bar-coding'

For example, in retail stores, when checking out items ftat are similar but not idellti-

cal-for example, different flavors of soda-clerks frequently enter the bar code for

one item and then enter a quantity of, say, 7, rather than scanning the bar codes of

each item; an RFID reader, in contrast, would identify which seven specific products

were sold.)

> c. cost (Conect. Bar-coding is curently less expensive than RFID')

d. safety (Incorrect. There is no difference in the safety of bar-coding and RFID')

3. Which document lists the components needed to manufacture a sPecific product?

a, opemtions list (Incorrect. This document lists the sequence of steps to manufacture the

product.)
b. master production schedule (Incorrect. This document is used to plan production

activities.)
)> c. bill of materials (Correct. The bill of materials lists the components of a finished

product.)
d. production order (Incorrect. This document authorizes production activities )

4. Which document captures information about labor used in production?

a. move ticket (Incorect. The move ticket documents moYement of materials )

> b. job-time ticket (Corect. Thejob-time ticket records time sp€nt on each

acrivity.)
c. operations list (Incorect. The opemtions list specihes the sequence of steps to

manufactue a Product.)
d. bill of materials (Incorect. The bill of materials identifies the components used to

manufacture a Product.)

Examine issues of the Journal of Accountancy. Stategic

$nance, and otherbusiness magazines for lhe past three years

io find stories about current developments [n factory automa-

rion. Write a briefreport that discusses the dccounring implica-

tions of one deyelopment: how it affects the efficiency and

accuracy of data collection and any new opportunities fo1

improving the quality of performance reports. Also discus$

how the development affects the risks of various productiorl

cycle threats and the control procedures used to mitigate

risks.
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5. An increase in which component of quality costs is most likely to result in a decrease in
the other three components?

) a. prevention costs (Corect. Increases in prevention costs often reduce the time and cost
of inspecting products, as welf as the proportion of defective products.)

b. inspection costs (Incorrect. In{reases in inspection costs do not necessarily reduce the
other three quality contol cos[s.)

c. internal failure costs (Incorrecl. Increases in internal failure costs do not have any

effect on prevention or inspection costs.)
d. external failure costs (Incorect. Increases in extemal failure costs do not reduce odrer

components of quality costs.)

6. Activity-based costing can be used to refine which of the following?
a. job-order costing (Incorrect. Activity-based costing carl be used with either job-order

or process costing.)
b. process costing (Incorect. Activity-based costing can be used with eitherjob-order or

process costing.)
) c. both job-order and process costing (Corect. Activity-based costing can be used with

either j ot,-order or process costing.)
d. neitherjob-order nor process costing (Inconect. Actiyity-based costing can be used

with eitherjob-order or process costing.)

7. Which system is most likely to be used by a company that mass-produces large batches of
standard items in anticipation of customer demand?

) a. MRP-II (Correct. MRP-II is a push form of manufacturing that is appropriate for mass

production of standardized items for which demand is predictable.)

b. lean manufacturing (Incorrect. Lean manufacturing seeks to minimize hventories by
producing only in response to customer ordem.)

c. actiyity-based costing (Incorect. Activity-based costing is a cost alloc&iion system,

not a production planning technique.) \

d. tbrcughput (Incorrect. Throughput is a measure of efnciency.)

8. The development of an MPS would be most effective in preventing which of the follow-
ing threats?

a, recording and posting erlors (Incorect. Data validation and processing controls would
best minimize recording and posting erlols.)

b, loss of inventory Gncorrect. Access contols and frequent physical counts of invertory
would best reduce the risk of inventory theft.)

c. production of poor-quality goods (Incorect. hoduct design addresses this isspe,)

) d. excess production (Correct. An MPS schedules production to satisfy demand artd,

therefore, reduces the chance of overproduction.)

9. Which control procedure is probably least effective in reducing the threat of inventory
loss?

a. limiting physical access to inyentory (Incorrect. Physical access contols are an impor-
tant method for reducing the risk of inventory theft.)

b. documenting all transfen of inventory within tbe company (Incorrect. Adequate docu-
mentation is an important contlol to reduce the risk of inventory theft.)

) c. regular materials usage reports that highlight variances ftom standards (Corect.
Although variances could indicate theft, they are more likely to reflect chalges i[
efficiency.)

d. periodically counting inventory and investigating any discrepalcies between those
coults and recorded amounts (Incorrect. Pedodic counts of invefltory are an important
contol for reducing the risk of inventory theft.) -
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10. matis the number of good units produced in a given period of time callecl?

a. productive capacity (Incorect. Productive capacity is a comporent of throughput that
represents the total number of units, both good and bad, produced per unit of time.)

b, productive processirig time (Incorrect. hoductive processing {ime is the component of
.. throughput that meahures the proportion of time actually spent producing outPut.)
i c. yield (Inconect. Yield is the component of throughput that measures the ProPortion of

good units produce( per batch.) |

) d.' throughput (Correctl Througbput is the measure of the numbef of good units produced

per unit of time.) | r

il


