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Extibit6-7
ninese Cost Uites
ot Dout Desie .
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Curvilinear Cost

IThe graphs of all of the cost behavior palterns examined so far consist of either sraighi
ines or several straight-line sections. A curvilinear cost behavior pattern has 3 curved
raph. Donut Desire’s utilites cost, depicted as the solid curve in Exhibit 6-7, is
urvilinear cost. For low levels of activiy, this cost exhibits decreasing marginal costs.

Ias the discussion in Chapter 2 indicated, a marginal cost is the cost of producing 1

ext unit, in this case the next dozen bakery items. As the graph in Exhibit 6-7 shows
he marginal uilities cost of producing the next dozen bakery items declines as activi
increases in the range zero to 100,000 dozen items per month. For activity greater thar

100,000 dozen bakery items per month, the graph in Exhibit 6-7 exhibits increasing

narginal costs

‘Donut Desire’s uiltes cos includes electricity, Internt,telephone, and trsh-collectio
fosts. The utilities cost i curvilinear a a reslt of the company's patter of electrcity usage

Jf the demand in  particular month i less than 100,000 dozen bakery items, the goods car|

e produced entiely in the modernized section of each donut shop. The modernized sectio

each shop uses recently purchased deep-fa fryers and ovens tha are very encrgy-cfficient.

[As long asthe company operates only the modernized equipment,the it cost per dozes
tems declines a production increases.

‘During the summer tourist months, when Donut Desire’s sales exceed 100,000 dozer}
tems per month, the older section of each shop also must be used. The older sections
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i the various shops use much older cooking equipment thal s less energy-efficient
s a resul, the masginal wilities cost per dozen bakery items rises a5 monthly activit
increases in the range above 100.000 dozen items per month.

levant Range The cost behavior graphed in Exhibit 6-7 is very different at lov
tivity levels (below 50.000)than it s at high actvity levels (bove 125.000). However,
‘agement need not concern tself with these extreme levels of actvity if it i unlikel
‘Donut Desire, Inc., will operate at those activiy levels. Management i interested i
st behavior within the company's relevant range, the range of activity within whicl
‘agement expects the company to operate. Donut Desire’s management believes the]
iro’s relevant range (0 be 75,0000 120,000 dozen bakery tems per month. Based on past
xperience and saes projections, management does not expect the firm 1o operate outside
fange of monthly activity. Donut Desire’s relevant range is shown in Exhibit 6-7
the section of the graph between the dashed lins.

proximating a Curvilinear Cost within the Relevant Range The straighi
line in Exhibit 67 may be used to approximate Donut Desire’ utiliies cos
otic that the approximation is quite accurate for activity levels within the relevan
ige. However, s the activiy level gets furher away from the boundary of the relevant
e, the approximation declines in accuracy. For monthly activty levels of 25,000 o
150,000, for example, the approximationis very poor:
“The suaigh, dashedSoe usd (0 approxiaate Donut Desie’ uilie cost widi
h relevant range represéats a semivariable cost behavior pattern. This straight-ling
raph has a slope of $.05, which represents  unit variable-cost component of $.05 per
jozen bakery items. The fine inersects the vertical axis of the graph at $1.500, whic
epresents a fixed-cost component of $1.500 per month. Managerial accountants ofte
e a semivariable-cost behavior pattern to approximate a curvilinear cost. However, i
5 importan to limit this approximation to the range of activity in which its accuracy i
epiable.

sing Cost Behavior Patterns to Predict Costs

How can Donut Desie’s managerial accountants use the cost behavior patterns identifie
in the cost study to help in the budgeting process? Firs, a sales forecast is made for eac!
nonth during the budget year. Suppose management expects Donut Desire's activity love
e 110,000 dozen bakery items during the month of June. Second, a cost prediction i
nade for each of the firm's cost items. The following cost predictions are based on the
st behavior patterns discussed earler. (Try to verify these cost predictions by referring
the graphs in Exhibits 6-1 through 6-7.)
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1S DIRECT LABOR A VARIABLE OR A FIXED COST?

P Recent reports i the business press asset tat “Temp Work s Now 2 Permanent Fsture”
ccounting NBC News). an we are now I the era of “The Disposable Worker” (Business Wee
These repors explained “how companies e making the & of the e more than -

== porary” and the“demand fo temporary workers i only expected 1o increase.™ This rases
Amazon, Nest Hiton | the question: A dectiabor costs variabie o zed? The answer,as with many questons,
Hotels, Starbucks, Taco | 6t depends” What it depends on s the abilty and wingness of a company's manage-
Bell, Uber, U-Haul, and | ment to contiually ne-tune the size of s worklorce. If labor contracs make & dficull
Walmart 1o lay off workers during an cconomic downtur,or I top management adopts 2 plicy of

maintaining a stble workiorce, iectabor costs il and o be lrgelyaed (orstep-foe).
However,fmanagement can and s wilng 1o reduc th labo orce when aciy decines.
hen labor cos il be 3 variaie (o sep-variabi) cost.|

‘The curent rend in many companies seems o be toward adusting the workdorce
conforn o curent needs.Here are several cases n pont.

Nestie
“Nestié'spreparec foods unit has bt an in-house roste o pattme workers in Cherokee
‘County,South Carolina, who sick by the telephon o hea f they shoud reporton a given
day 10 assembie frozen chicken dinners. The courty Job-placement office sends Nestle st
of Calin, that i, people avalable to work when Nt phanes ther. The workers sl
et days notice. Some agree t stay by e phone In the moming, i case the company
15 short for the aftemoon shif. Tney typically work two o six days a weel and cam sighy
more than $1an hour whch s considered good par-ime pay Inthe rea”

‘The head of human resources for the preparectHoods diviion says demand for s
Lean Cutsine glszechicken entrees and Stouffers creamed-spinach sice dshes is iy
steady.The company sl ires some peoplefull . Bu he Nes= executive says 55l
i 0 precic labor need, bcause schcules for proccing ceniain mes vary. and esch
prodct reqires a different umber f peopl. “We don't need te same number of people
very day: he says. They work as we need them.

Hiton Hotels
“Many employers, wary of osing valued workers skogether re reducing the workwek
ather than the workiorce. Officas o Hiton Hotls Corp. n Beverly Hils, Cafomsa, boast
hat they have lad of reatvely few workers. However, Hiton says workweek reductions
are widespread amon s 77000 werkers™>

By relying more on parttime workers and daly calns,cross vaining and fequently
moving employees o niow jobs and shartening the workweek, Nesté and Hion Hotels:
are moving v ciectiabor costs that are much more variable than n the past.Other
Compaes trending tonard a Just-tme workorce” sre Amon, S, Tao S, U,
0, and Waimar,among others. Thi s "all part of e larger development n corporate
America of ransforming labo rom a fed 3 more flexible cost™

1 Hele s . O, “Temp Wk Now  PermancsFite, Cresin Pl o sl Worklore.” v,
BCews com, Augst 31 2017 P Coy, M. Conlnad M. et “The Dispssle Worker” Buiesslck.
iy 15 2010, g 345, Anbery, e New Wkplace,Jobs Morph o ot Rapd Chane of Prc T
Rl et Jourml, M 3. 002 . A1, A7: e . Do, Do o Trmporey Workr i Figh
Duy Expctod o ncrese” o o ol 19,2015

P Co, M. Colin, M.t “Te Dol Woke” B ey 15,210, 3451 C. Aoy
o New Woplc, o Mg 1 Su ol Chine o i T Wl St ol Mach, 202, AL AT
1. Ei. Do P T Wocker okt Whenhe R ek The Wl Set . sy 3, 2., AL
I Contn “The Bi Squereon Woskers BuinssWek,May 15, 2002 g 06-95: M. Conlin,” The Suvare

N 3 Prranet Fste, Crsting Pl vl Wonkloe.” o s com, Aot 31,2017
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The preparation of a compleie budget involves mich more analysis and defailed plany
than s shown here.$ The point is that cost prediction is an important part of the
lanning process. The cost behavior patterns discussed in this chapter make those cosf
predictions possibl.

Engineered, Committed, and Discretionary Costs

I the process of budgeting costs. it is often useful for management to make a distine
Hion betuween engineered. committed. and discretionary costs. An engineered cost bears
b definitive physical relaonship to the activity measure. Donut Desire’ direct-material
ost is an engineered cost. It is impossible to produce more donuts without incurring
ereater material cost for food ingredients

A committed cost resuls from an organization's ownership o use of faciltis and ity
asic organization stucture. Property taxes, depreciation on buildings and equipment, cost{
i renting faclitis o equipment, and the Salaries of management personnel are examples
of commited fixed costs. Donut Desire’s facilities cost is 3 committed fixed cost.

A discretionary cost arises as  tesult of a management decision 1o spend a partcu
Jar amount of money for some purpose. Examples of discretionary costsinclude amounty
kpent on research and development, advertising and promotion, management develop!
ment programs. and contributions to charitable organizations. For example, supposd
Donut Desire’s management decided to spend $12.400 each month on promotion and
hdvertising

The disinction between committed and discretionary costs is an important one.
Manag e commiitied costs only through relatively major decisions that
have long-term implications. Decisions to build a new production facility. lease a fleet
b vehicles, or add more management personnel to oversee a new division are examples
o such decisions. These decisions will generally influence costs incurred over  long
eriod of time. In contrast, discretionary costs can be changed in the short run mucl}
more easily. Management can be flexible about expenditures for advertising, promotion]
employe training. or research and development. This does not imply that such program¢
e unimportant, but simply that management can alter them over time. For example, the

ment can char
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anagement of a manufacturing firm may decide (o spend ST00000 on research
Hevelopment in the current year, but cut back o S60,000 in the next year because of a
bnticipated economic downturn.

Cost Behavior in Other Industries

We have illustrated a variety of cost behavior patterns for Donut Desire’s restaurant
usiness. The same cost behavior patierns are used in other industries. The cost
behavior pattern appropriate for a particular cost item depends on the organizatio
find the activity base (or cost driven). In manufacturing firms, production quantty
irect-labor hours, and machine hours are common cost drivers. Direct-material and
irect-labor costs are usually considered vriable cost. Other variable costs includd
‘e manufacturing-overhead coss. such as indirect material and indirect labor. Fixed
anufacturing coss are generally the costs of creating production capacity. Examples
include depreciation on plant and equipment, property taxes, and the plant manager’s
kalary. Such overhead costs as uilities and equipment maintenance are usually
mivariable or curvilinear costs. A semivariable-cost behavior pattern is generall
sed to approximate a curvilinear cost within the relevant range. Supervisory salarie:
hre usually sep-fixed costs,since one person can supervise production over 3 fange of
ctivity. When actvity increases beyond that range, such as when a new shiftis added.
b additional supervisor i added.

In merchandising firms, such as Home Depot, the activity base (or cost driver
sually is sales revenue. The cost of merchandise sold is a variable cost. Most labor
osts are fixed or step-fixed costs, since a particular number of sales and stock person-
el can generally handle sales activity over a fairly wide range of sales. Store facility

osts, such as rent, depreciation on buildings and furnishings, and property taxes, are
fixed costs.

In some industries, the choice of the cost driver is not obvious, and the cost behay.
or pattern can depend on the cost driver selected. At Southwest Airines, for instance,
he cost driver could be air miles flown, passengers flown, or passenger miles flown.

passenger mile is the transportation of one passenger for one mile. Fuel costs ard
Variable with respect (o a miles traveled, but are not necessarily variable with respect
o passenger miles flown. An airplane uses more fuel in lying from New York to Los
Angeles than from New York to Chicago. However, a plane does not require signifi-
antly more fuel to fly 200 people from one city to another than to fly 190 people
ame distance. In contrast, an airport landing fee i a fixed cost for a particular numbes
 aircraft arrivals, regardless of how far the planes have flown or how many peopl
fvere transported. The point of this discussion is that both the organization and
st driver are crucial determinants of the cost behavior for each cost item. Conclu-
jons drawn about cost behavior in one indusiry are not necessarily transferable t
hnother indusiry.

IAs the preceding discussion indicates, different costs exhibit a variety of cost behavior
terns. Cost estimation is the process of determining how a particular cost behaves.
everal methods are commonly used to estimate the relationship between cost and activ
ty. Some of these methods are simple, while some are quite sophisticated. In some frms.
ianagers use more than one method of cost estimation. The results of the differen
ethods are then combined by the cost analyst on the basis of experience and judgment.
e will examine several methods of cost estimation in the context of the Donut Desi
lustraion.
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[ccount-Classification Method

The account-classification method of cost estimation, also called account analysis|
involves a careful examination of the organization's ledger accounts. The cost analysd
Lassfies each cost item in the ledger as a variable, fixed, or semivariable cost. The
lassfication is based on the analyst's knowledge of the organization’s activities ane
xperience with the organization's costs. For example, it may be obvious to the analyst
ing through the ledger that direct-material cost is variable, building depreciation i
ixed, and uility costs are semivariable.
Once the costs have been classified. the cost analyst estimates cost amounts
xamining job-cost records, paid bils, labor time cards, or other source documents|
A property-tax b, for example, will provide the cost analyst with the information needeq
estimate this fixed cost. This examination of historical source documents is combinet
Juith other knowledge that may affect costs in the future. For example, the municipal
vernment may have recently enacted a 10 percent property-tax increase, which take:
iect the following year.
For some costs, particularly those classified as semivariable, the cost analyst may
se one of several more systematic methods of incorporating historical data in the cosf
stimate. These methods are discussed next

Visual-Fit Method

When a cost has been classfied as semivariable, or when the analyst has no clear ided|
bout the behavior of a cost tem, it is helpful o use the visual-fit method t plot recen
servations of the cost a various activity els. The resulting scatter diagram hel

analyst visualize the relationship between!dbst and the level of activity (or cost driver),
[To llustrate, suppose Donut Desire’s managerial accountants have compiled the follow-
ing data for the company’s activity and utility cost over the most recent year.

iy rCos Diver
ny Cost (ool akery s
Mortn oM stdpr i)
S — 75000
J T — [ P— 1000
[ [ 00
S JR— L JR—— 2000
[ —— P sag0
o B 080
o — [ 1000
P — [ —— 20w
P [ 5000
P P 000
[ S0 00
[ s a0

The scatte diagram of these data s shown in Exhibit 6-8. The cost analyst can vis
ly it a line to these data by laying a ruler on the plotted points. The line i positione

that roughly equal numbers of plotted points lic above and below the line. Using this

thod, Donut Desire’s cost analystvisually it the line shown in Exhibit 6-5.

Justa glance at the visually fit cost line reveals that Donut Desire’s utilities cost i
Semivariable cost wikhin the relevant range. The scatter diagram provides lite of n
information about the cost relationship outside the relevan range. Recall from the di
-ussion of Donut Desire’s uiltis cost (see Exhibit 6-7) that the cost analyst believe
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st one o)

Relevan range.
1500010 120000,

i cost behavior pattern to be curvilinear over the ensire range of activty. This juds-
ent i based on the analyst's Knowledsge of the firm's facilities and an understanding

ity usage by the modern bakery equipment and the older bakery equipment. A
Exhibit 67 shows, however, the curvilinear uiltes cost can be approximated closely b
Semivariable cost within the relevant range. The data plotied in the scatter diagram I
fvithin th relevant range. Consequently. the data provide a sound basis for the semivari
bble approximation that the cost analyst has chosen 10 use.

“The visually ft cost line in Exhibi 68 intercepts the vertical axis at $1,500. Thus.
51,500 s the estimate of the fixed-cost component in the semivariable-cost approxima
ion. To determine the variable cost per uni, subtract the fixed cost from the total cos
bt any activity level. The remainder i the total variable cost for that activity level,

e, the total variable cost for an ativity level of 50,000 dozen items is $2.500 (o
of 4,000 minus fixed cost of $1,500). This yields a variable cost of $.05 per dozer

tems (5.05 = 52,500 < 50,000).

“These variable and fixed cost estimates were used for the semivariable-cost appror.
discussed earlier in the chapter (Exhibit 6-7). These estimates are valid onl
ithin the relevant range.

aluation of Visusl-Fit Mathod The scatter diagram and visually fit cost lie pro.
de a valuabl first step n the anlysis of any cost tem suspected o be semivariable

inear. The method is easy t use and to explain to others. and it rovides 2
ew of the overall cost behavior patern.

“The visual-fit method also enables an experienced cost analyst o spot ouliers i
e data. An outler s a data point that fals far away from the oher points in the
iagram and is ot representatve of the data. Suppose, or example, that the data pont
January had been 56,000 or 75,000 unitsof ativiy. Exhibit 6-8 reveals that such a datg
point would be way out of line with therest ofthe data. The cost analyst would folow up

Such  costobservation to discover the reasons behind i, I could be that the data poin
i error. Perhaps 2 uility bill was misread when the data were compild. or poss
e billng tsef was in error. Another possbility i tha the cost observation s co

due t0 unusual circumstances. Prhaps Toronto experienced a record cold wave
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i o overheat consisently unil discovered and repaired. An outlier can result fro
causes. If the outlir is due to.an error or very unusual circumstances, the data poinf

1d be ignored in the cost analysis.

A significant drawback of the visual-fit method is its lack of objectivity. Two cosf

iysts may draw o different visually fit costlines. This is not usually a serious prob

lem, however, partcularly if the visual-fit metho is combined with other, more objective

igh-Low Method

Yo the high-low method, the semivariable-cost approximation is computed using exacty
ko data points. The high and low acriviry levels are chosen from the available data
hese activity levls, together with thei associated cost level, are used o compute thd
ariabl and fixed cost components as follows:

Difference between the costs corresponding

Variable costper _ _ 1o the highest and lowestactivity evels
dozen bakery items = Terence between =
‘and lowest acrivity levels
57,035

N 00 _ 51935
TI5.000- 75,000 - 73000
= 5.045 per dozen items

Now we can compute the total variable cost a ither the high or low actvity level. Af
the low actvity of 75,000 dozen items,the total variable costis $3.375 (5,045 X 75,000).
Jbracting the total variable cost from the total cost at the 75000 dozen activity level
fve obtain the fixed-cost estimate of $1.725 (53,100 — $3.375). Notice that the high an
jow activiy levels are used to choose the two data points. In general, these two poins
eed not necessarily coincide with the high and low cost levels in the data set.

‘Exhibit 6-9 presents a graph of Donut Desire’s utilities cost, which is based on the
igh-low method of cost estimation. As in any cost estimation method. this estimate
{he cost behavior pattern should be restricted 1o th relevant range.

Utites cost for one mortn)

Relevan range.
050010 120000,

Exhibit 6-9
aph of Ui Cost Usig
igLow ehod,Donut
e .

o
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aluation of High-Low Method The high-low meihod i more objective than
isual-fit method. since it leaves no room for the cost analysts judgment. However,
igh-low method suffrs from a major weakness. Only two data points are used (0 esi-
ate the cost behavior pattern:the remainder of the data points are ignored. I this regard
e visual- it method is superior t the high-low methax, since the former approach uses
I of the available data.

east-Squares Regression Method

tatisical techniques may be used to estimate objectively a cost behavior patter usin
I of the available data. The most common of these methods is called least-square:
gression. To understand this method, examine Exhibit 6-10, which repeats the scatie
iagram of Donut Desire’s utiliies cost data. The exhibit also includes a cost line tha
s been drawn through the plotted data points. Since the data poins do not lie along

rfecly straight line, any cost line drawn through this scatter diagram will miss some o
ost o the data points. The objective i to draw the costline so as to make the deviations

Extibit 6-10 tween the cost line and the data points as small 2 possibl.
rah o UtiesCost Usng In the least-squares regression method, the cost line s positioned so as o minimiz
LeastSquares Regresson | fhe sum of the squared deviations between the cost line and the data points. The inset t

oser

s cos oo

hibit 6-10 depicts this technique graphically. Note that the deviations between the cos
ine and the data points are measured vertically on the graph rather than perpendicular

10,000
sBo00. Lesstaquares.
regression ine
3000
7000
$6.000 Inset Close-up of least-squares
regression line and data points
5000
4000
2000 The sum o the
Squares of these
52000 deviatons s
minimized
1,000
Acwry,or
costarver
S 50000 75000 100000 125000 150000 (dozens of
S ———, bakery tems
Relevant ange. sold per

75000 10 120,000} i
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he Tine. The cost ine fi 1o the daia using leasi-squares regression s called  least
squares regression line (or simply a regression line).
Why is the regression method based on minimizing the squares of the deviationy
veen the cost line and the data poinis? A complete answer to this question les i the
y of statstics. In short, statstical theorists have proved that a leastsquares regressi
ine possesses some very desirable propertes for making cost predictions and dravwing infer
nces about the estimated relationship between cost and activity. As always, the least-squared
gression estimate of the cost behavior pattern should be restrcted to the elevant range.

tion Form of Least-Squares Regression Line The leastsquares regresso
ine shown in Exhibit 6-10 may be represented by the equation of a straight line. I the
ollowing caquaton, X denotes Donut Desire’s activity levl for  month, and ¥ denotes
estimated uiltes cost for that level of activity. The intercept of th line on the vert:
al axi is denoted by a, and the slope of the lne is denoted by b. Wiin e relevan
ange,a i iterpreted as an estimate o the fixed-cost component, and b i nterpreted a3
bn estimat of th variable cost per unit of activiy

Y=a+bx u)

In regression analysis, X is referred 10 as the independent variable, since it is the
ariable upon which the estimate is based. ¥ is called the dependent variable, since it
timate depends on the independent varizble.
“The least-squares regression lne for Donut Desire's uilites cost is shown below i
bquation form.

v = 190+ owsx
Estimated uiliies Activty level
cost for one month for e month

Witin the [Nevant rang of activiy, the egression esimte of the fixed-<ost com.
ment is $1.920 pe month, and the regresson estimat of the varible-cost componen
5,048 per dozen bakery iems
“There are several satstical software packages availble that do regression anly
bis. One common meihod of computing the least.squares regression estmates i to
spreadsheet application such as Microsoft® Excel. This approach is covered in thiq
hapter's appendis, which you may want o read now. A regresson analyss such s thi
e also can b don using  widely-used software application caled Tableau, which vy
il discusslter i this chapte.

luation of Least-Squares Regression Method We have seen that least-squares
gression is an objectve method of cost esimation that makes use of all available datal
reover, the regession line has desirable statisical propertes for making cost pediction
d drawing inferences about the relationship between cost and activity. The method docs
pire considerably more computation than cither the visual-fit or high-low method
ver, computer programs are readily avaiable o perform leas-squares regression

luating a Particular Least-Squares Regression Line We have scen the ben.
it of leastsquares regression in eneral, How does a costanalyst evaluate a partcula
sression lne based on  spcific st of data? A number o citria may be used. nclud
ing economic plausbilty and goodness o it
“The cost analyst should always evaluate a regression line from the perspectve of eco-
mic plausibilty. Does the regression line make economic sense? I it inuitively plau
Bl 1 the cost analys? 1 not. the anlyst shoud reconside usin the egression line
e cost predictons. It may be that the chosen independent varisble is not a good pre
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‘Considerad. Aliernatively, here may be errors i the data upon which the regression i
Rechecking the data will esolve thisissue. It could be that fundamental assump
fons that underlie the regression method have been violated. I this cas, the analyst mayf
10 resort 10 some other method of cost estimation.
‘Another criterion commonly used 1o evaluate a paticular regression line s 0 assess
s goodness of fit. Statstical methods can be used 1o determine objectively how well
aression line it the data upon which it is based. I  regression lin fits the data well
large proportion of the variation in the dependent variable will be explained by
iation in the independent variable. One frequenly used measure of goodness of fi s
scribed in the appendix a the end of this chapter

(ultiple Regression

Yo each of the cost estimation methods discussed so far, we have based the estimate or
single independent variable. Moreover, all of Donut Desire’s cost behavior patterns
fvere specified with respect to a single activiy (or cost driver). dozens of bakery item:
produced and sold. However, there may be two or more independent variables that are
mportant predictors of cost behavior
“Toillustrate, we will ontinue our analysis of Donut Desire’s ilities costs. The company
Jses electicty for two primary purposes: operating cooking equipment, such as decp-fa
firyers and ovens, and heating the donut shops. The costof electricity for food production i
Tunction of the fimy's aciviy, as measured in dozens of bakery items produced and sold.
However, the cost o elecricity for donut shop heating i relted more closel to the numbe
customers than to the number of bakery items sold. A donut shop’s heating costs g0 u
ach time the shop’s door is opened. esulting i loss of heat. Two customers purchsing hal
dozen donuts cach esult in greater heating cost than one customer buying a dozen donts.
‘Suppose Donut Desire’s cost analyst wants to estimate a cost behavior pattern fo
siltes cost that is based on both units of sales and number of customers. The method
mliple regression may be used for this purpose. Multiple regression is a statistical
ethod that estimates a linear (staight-line) relationship between one dependent variabl
find two or more independent variables. In Donut Desire’s case, the following regressior
bquation would be estimated.

Y=a4bX,+b,X, @

Where ¥ denotes the dependent vaiabl, tiltescost
X, denotes the frst independent variable, dozens of bakery items sold
X, denotes the second independent variable, number of customers served.

In regressipy equation (2), a denotes the regression estimate of the fixed-cost com.
e, b, denlfEs the regression estimate of the variable utilites cost per dozen bakery
tems, and b, denotes the regression estimae of the variable utlities cost per customes
rved. The multple-regression equation will likely enable Donut Desire’s controller t
ke more accurate cost predictions than could be made with the simple regression dis
ussed previously. A simple regression is based on a single independent variable. Mul-
ple tegression i covered more extensively in cost accounting and statstcs texs.

Data Collection Issues

gardless of the method used. the resulting cost estimation will be only as good a3
i data upon which it is based. The collection of data appropriate for cost estimatio

ol e he e of e sty 3 1o oot xtion, o s panded decosson
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Fequires a skilled and experienced cost analyst. Six problems frequently complicate the
rocess of data collection:

1. Missing data. Misplaced source documents or failure to record a transaction
can resultin missing data.

2. Outliers. We have discussed these extreme observations of cost-activity rela-
tionships. If outliers are determined to represent errors or highly unusual cir-
‘cumstances, they should be eliminated from the data set

3. Mismatched time periods. The unts of time for which the dependent and
independent variables are measured may not match. For example. production
activity may be recorded daiy. but costs may be recorded monthly: A common
Solution i t0 aggregate the production data to get monthly total.

4. Trade-offs in choosing the time period. In choosing the length of the time.
period for which data are collected, there are conflcting objectives. One
objective s 1o obtain as many data points as possible, which implies a short
time period. Another objective s to choose a long enough time period to ensur
that the accounting sysiem has accurately associated costs with time periods.
I, for example, a cost that resuled from production activity in one period
is recorded in a later period, the cost and activity data will not be matched
properly. Longer time periods resultin fewer recording lags in the data.

5. Allocated and discretionary costs. Fixed costs axe often allocated on a per-
unit-of-activity basis. For example, fixed manufacturing-overhead costs such
as depreciation are allocated to units of production. As a esull, such costs may
appear to be variable in the cost records. Discretionary cost often are budget
ina manner that makes them appear variable. A cost such as advertising, for
‘example, may be fixed once management decides on the level of advertising.
If management's policy s 1o budget advertising on the basis of sales dollars,
however,the cost will appear o be variable o the cost analyst. An experienced
analyst will be wary of such costs and take steps 10 learn how their amounts are
determined.

6. Inflation. Duting periods of inflaion, historical cost data may not reflect
future cost behavior. One solution is to choose historical data from a period
of Low inflation and then factor in the current inflation rate. Other, more
sophisticated approaches are also available, and they are covered in cost
accounting texts.

Engineering Method of Cost Estimation

Al of the methods of cost estimation examined so far are based on historical data. Eacl
thod estimates the relationship between cost and actvity by studying the relation
hip observed in the past. A completely different method of cost estimation is o [xudy
fhe process that results in cost incurrence. This approach i called the enginet¥in
method of cost estimation. In a manufacturing firm, for example, a detailed study i
nade of the production technology, materials, and Iabor used in the manufacturin
rocess. Rather than asking what the cost of material was last period, the engineerin
ipproach is t0 ask how much material should be needed and how much it should cost
industrial engineers sometimes perform fime and motion studies, which determine the
teps required for people to perform the manual tasks that are part of the productio
rocess. Cost behavior patterns for various types of costs are then estimated on thd
asis of the engineering analysis. Engineering cost studies are time-consuming an
xpensive, but they often provide highly accurate estimates of cost behavior. Moreover,
in rapidly evolving. high-technology indusiries, there may not be any historical data or
fvhich to base cost estimates. Such indusiries as genetic engincering. superconducty-
ty. and electronics are evolving so rapidly that historical data are often irrelevant i
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The amount of information with which we all are confronted on a daily basis some.
imes scems overwhelming. (How many social media contacts have you experienced
loday alone?) Yet the amount o data avilable to most large organizations is man bil
ions of times s great as what we sce as individuals. And beyond the scope of a sing
frganization, “the amount of data that is being created and stored on a global level is
himost inconceivable. and it just keeps growing ™7 This virtual explosion of data hay
iven rise o the catch-phrase big data, which means a massive volume of both structured
find unstructured data tha s so large i s difficult o process using traditional methods.*
Imagine trying o understand cost behavior or make decisions using such a vast rove
datal Managers (and managerial accountant) are intrigued by the possibility tha big
Hata contains information that is important and relevant, and that may help them gain a}
hvantage over their competiors or beter achieve their goals. But they are also intimi
Hated by the challenge of finding the proverbial needle in a haystack.

Characteristies and Potential Uses of Big Dal

What s it sbout big data that preseats such a challenge? Indust
fvas the firs to articulat the defining characterisics of big data

analyst Doug Lane
the three Vs

L. Volume. Organizations collect data from a variety of sources,including busi-
ness ransactions, governmental records, social media, and many other sources.
In the past, storing such a huge volume of data would have been impossibl, but
new storage technologies have cased the burden.

2. Velocif\Data sireams in at an unprecedented speed and must be managed in a
timely Ranner. New technologies are driving the need o deal with torrents of
data in near-real time.

3. Variety. Data comes in all types of formats—from structured, numeric data
in traditional databases (o unstructured information, such as text documents,
e-mail, video, audio, and financial transactions.*

Storing and processing big data causes unprecedented challenges for most large orga
hizations. Moreover, simply having access o huge volumes of data is ueless unlss i
an be managed and analyzed effectivly. So wha are some of the benefits tha can resul
from being able to analyze very large amounts of data? Among the uses which variou
brganizations are finding for their access to great amounts of data are the following:
predicting customer needs and desire for new products and services:; estimating cos
behavior. minimizing risk and fraud in banking: identifying atrisk students in educa
jon: managing governmental agencies, uilities and traffic paters; ncreasing ouipu
hnd quality in manufacturing: managing transacions fiecivly in rtal businesses; and
anaging routes i express delivery services.”
‘As youthink abou decision making and the various uses of accounting data in com.
panies that we discuss throughout this text, emember that the insights accounting infor
ation offers will ftenarive a part of il wave ofbis and bytes. Al managers, and
Pperhaps especially managerial accountan, will need o lear skilsfo taking advantags
the potential o big data.
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Pata Analytics and Data Visualization

o the first page of this textbook we define managerial accounting as the process of
dentifying, measuring, analyzing, interpreting, nd communicating information in pur
it of an organization's goals. Two key components of this process are (1) the analysis of
information and (2) communication o that analysi o managers who can us it for deci
ion making. planning, and directing and controlling operational actiitis.

“The analysis of information is the focus of data analytics, which is the process o

amining data sets in order to draw conclusions about the information they contin,
increasingly with the aid of specialized systems and computer software." Much of thid
Inanagerial accounting textbook relies on data analytics of one sort or another. In thig
hapter our focus is on activity anlysis, cost behavior, and cost estimation.
“The second key component of the managerial accounting process idenified above i
communication of information analysis o managers who can use the analysis in man-
bging an organization. One powerful way to communicate what an information analysis
-an contribute (0 the management process s to help managers visualize the key messagd
(orstory) i the analysis. Data visualization is the presentation of data in a graphica o
ictorial format to help people discern patiens, trends, elationships, and other complex
enarios embedded in the data.

“To better understand the increasingly important roles of daa analytics and data visu-
flization in managing an organization, lets eturn to the analysis of Donut Desire’s utili
st In the preceding section of the chapter, we presented a regression analysis of the
ompany’s utilty cost using the most recent year of monthly activity and cost data. Now
er's assume Donut Desire's management has accumulated the last ten years' worth of
ltata instead of just a single year. Moreover, the data set includes monthly activity an
bility cos data for each of Donut Desires five donut shops. These five shops, scattere
lround the city of Toronto, are designated as the North, South, East, West, and Central
jocations.

The data described in the preceding paragraph includes 120 columns of das
10 years x 12 months in a year). and it includes 10 rows (activty data for each of five
Shops and uilty cost data for each shop). So the data set includes 1200 pieces of data]
(In addition, there is a total ow for acivty and a total row for uility cost) I not possible

show such a large data set in ts entrety in a text, 50 we have displayed only a porti
f the data set in Exhibit 6-11. We chose to show the oldest part of the data set, that is|

Exhibit 6-11
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TSt thireen months out of 120 months, which covers the 12 months i Year T play
january of Year 2. Before we go on, i's worthwhile to comment on the size of this dat
165 temping 10 say that i’ a large data s, and it is asge when compared o just
sle year of total company activity and utliy cost data shown in the preceding section.
e, it by no means qualifies as “big data” Ifthis were big data, we would be talking
tens of thousands (or even millons) of peces of data. Nevertheless, the dataset (only
part of which is shown in Exhibit 6-11) wil suffce for us 1 ilusrate the concepts of dat
ytis and data visualizaion we discussed earlir in this section of the text
Look carefully a the data in Exhibit 6-11. Do you see any kind of patier in the
{7 Do the numbers have a “story” to tell? I's hard to discern any such pattern or sory
in raw data such as that in Exhibit 6-11. Think, to0, about how much harder it would be
to digest the data if the entire data set were displayed (ic.,all 1,200 numbers in ten yeary
data for the five donut shops) instead of just 13 months” worth of data.
Itmigh surprise you o hear that the cost, for any given level of actvity. ishigher for
estlocation than at any o theother four donut shop locations. Lok again at Exhibit -1
you compare the costs in line 12 (for the West location) with the costs in lnes
8,10, and 14 (for the other four shops). you can see that this i true. Nevertheless, i
s difficult to pick out such a pattern in the raw data if you're not already looking for i
‘we could show the entire 120 column data se here, this pattern could be seen through
it the entireten-year period.

ing Data Analytics Let's use data analyics 10 help us understand wha is going
in our data st If we perform a regression analysis on our data (using the data for all
len years), we can derive some insight nto the cost behavior exhibited by Donut Desire’s

ive donut shops. The table below displays the intecept and slope obiained by running
regression on the data for cach donut shop location and for the enire company. (I
 appendix a the end of this chapter, we explain how 1o use Microsoft® Excel o do
gression analysis such as that shown here.)

You may recall that i the preceding section of the text, titled Cost Estimation, wel

rformed a regression analysis using the actvity and utility cost data for the compan

s a whole collected for the preceding year only. The regression equation derived there i
e following:

Estimated uility cost for one month = 1.920 + 045X
where X denotes the company’s activity level for one month

Looking at the regression equation above, it’s natural 1o ask why the intercept and
ope are different from any of those shown in the preceding table, which displays the]
gression results for all five locations and the whole company using the eniire ten-yeaf
Hata set. The answer lies in the fact that they e based on different ses of data. The cost
havior in the most recent year diffes from that experienced over the preceding te
ears. One insight is that the fixed cost component of Donut Desire’s uilty cost ha|
eressed over hepast e years.because e irsedfor he st rcent ear (1,920

Sears(given n the able).
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‘Continuing our use of data analyiics, what oiher Tasights can we glean from the
gression results in the tsble? As already noted, the West location exhibits higher utii
osts than any of the other four donut shops. Note that both the intercept and the slope|
the West location are higher than those for any other shop and for the company as.
ulole. We can conclude, therefore, that not only i the fixed-cost component highest for

‘West location, but so is its variable cost component. In other words, the West loca-
Jion's variable wility cost increases at a higher rate with respect to activity than do the

ariable utility costs in any other shop.

Now take a look at the South location's regression resulis in the table. For every-
thing we have concluded about the West ocation. the opposite s true for the South loca-
Jion. This conelusion comes from observing that he South shop’s intercept and slope arq
jower than those for any other shop and for the company as a whole. So the fixed-cos{
komponent is lowest for the South location, and so i ts variable cost component. In other
vonds, the South location’s variable wtlity cost increases at a lower fate with respect
lctivity than do the variable utility costs in any other shop.

Using Data Visualization Now let's move from data analytics to data visualization.
We have already discussed how difficult it is to discern patterns or other meaningful
onclusions simply from looking at raw data such as that in Exhibit 6-11. We were able

‘move a step closer toward drawing conclusions from our data by using data analyt
s, s llustrated with our regression analysis of the ten-year data set for Donut Desire’s
ive locations. However, using powerful data visualization software, we can much more]
Flearly draw out and communicate the story the data has to tell. One ever-more-widel
lused data visualization software package is called Tablean. It was fist marketed to the

siness community by Tableau Software in 2003, and the company now has tens of

sands of enthusiastic users o is software. W can define Tableau as an interacty
Hata visualization software package used to present data analytic results in a graphical
ictorial format tha faciliates drawing insights and conclusions from the data.

Let's ook frstat Exhibit 6-12. This exhibit,generated by Tableau, shows the regres.
Kion results graphically for al five shop locations based on the entire ten-year data
Also displayed in Exhibit 6-12 is the scatter plot of the ten-year data set, color-codec

 shop location. Notice that the horizontal and vertical axes in this regression equatio
raph do not intersect at the origin, that i, the (0.0) point on the two axes. The ana-
yst who generated this Tableau display chose to focus on the area of the graphs “wherd

action is." So the horizontal axis shows only the relevant range of activity. which i

ighly from 13,000 1o 25,000 units (ie., dozens of bakery items sold). The monthl

Uiy cost
1800

1600)

o Acway]
e TSC 18K K TBK 19K 20K 21K 220 23 24K 25K

Locaton M Centst M sst MNorin M Soun Mviest

Exhibit 6-12 (TABLEAU)
FegressionAnayss, by Svop
Locaton,Based on TerYear
ata Set, Do Desie, o

Ay measured in dozens of bakery Hems sl K denotes ousands.
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Extibit 6-13 (TABLEAU)
Tend Lines, by Shop

Locaton,Acoss Tenvers,
i Dsie, o

ity costs for activity Tevels in the relevant range of activity fall within @ range on
tical axis from roughly S800 10 $1,800.

“There’s no denying that Exhibit 6-12 is visually appealing, and it makes it asy
hee the differences in the cost behavior of Donut Desire’s ive donut shop locations. I’

ry clear that the West location (color-coded as green) exhibits the highest ity cost
behavior of any of the shops. Moreover, it’s clear that both the fixed cost component and
e variable cost component are higher for the West shop than for the other four shops.
imilaly, the Tableau display makes it easy to conclude that the South location (color
Foded as cyan) exhibits the owest cost behavior overall as well as the lowest fixed-cos
bind variable cost componel. The other three shops are clusiered roughly in the middl
etsveen the high-cost and low-cost locatons.

In keeping with our discussion in Chapter 1 of managerial accounting’s atention.
Hirecting function, we note that neither the data analytics nor the data visualization has{
hnswered the following important questions: Why does the West location exhibit

jghest utility cost? And why does the South location exhibit the lowest uilty cost’
[Answering these questions will require further analysis, and quite possibly will equi

e accumulation of additional data upon which more data analytics can be conducted.
Finally.the conclusions may lead to management actions of one sort o another.

‘Now let’s turn our attention to Exhibit 6-13, which also was generated by Tableau.
Here we have the ten-year utilty cost trend lines for each of the fve shop locations. It i
lempring to say that nothing new is presented here. Hadn't we already concluded that
West location exhibits the highest utilty cost, and the South location exhibits the lowes

ity cost? Well, peshaps a closer look is in order.

Upon further reflction, it becomes clear that Exkibits 6-12 and 6-13 have two differen
nessages for Donut Desire’s management. The regression analyss portrayed by Tableau i
:xhibit 6-12 shows us how the five shops’ ity cost ehavior varies with respect o activiy)
fs measured by dozens of bakery items sold.In contrast, Exhibit 613 shows us how the i
Jocations uility cost behaved over fme across the ten-year period. Whik s tre in our sce
Pariothat the West shop exhibits the highestutlt cost ot with respect o activity and acrosq

ime, such a consistent reult would not necessarly b true in all cases. Suppose tha the West

fhop experienced much lower sals activty than the oher four shops. In that scenario, the
est shop could exhibit higher uility cost behavior with respect o activity but sill not show
jgher total utility cost thanthe other shops simply because s activity was so much lower.

‘We could make similar statements about the South location. In our scenario,
outh shop shows both lower cost behavior with respect to activity and lower overal]

st across time. However, if the South shop had experienced much higher actvity thar|
e other shops, it could have ended up with higher utility costs in total, simply becau
its much higher activity.

“Take a closer ook at Exhibit 6-13. Notice that the cost beavior n al five shops exhibd
ed slightly higher utilty cost in the time frame from roughly mid-Year 4 through early 1

ot
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nid-Year 5. There appears to have been a cost “blp” in this general time frame. Tableatf
rovides a cleare indication of this cost “blip” in Exhibit 6-14, in which the uiliy cost
{ata i agaregated across al five locations to obtain companywide utlity cost data. Notiee
i very different shape of the graph in the ime period mentioned above, that s, oughl
nid-Year 4 through carly to mid-Year 5. Something must have happened in this time frame|
ruise Donut Desire’s companywide utilty cost. Was it an internal company issue?
fvas there an external “cost shock” in the economy ? Questions such as this can be answered|
oy with additional data and further data analytics. However, with the outpats produced
Tablean, Donut Desire’s managerial accounting team will be “on the case.™
Finally, lets look at Exhibit 6-15. Here Tableau presents quarterly utilty cost dat
fo all ive donut shop locations. The location cost data is “stacked” in Exkibit 6-15,
fvhich means that the shop location cost are each portrayed by the height of their color
‘oded cost amount, and then these amounts are added vertically (as though they wer
tacked). This is but one more way of viewing the company’s uility cost data, and it i
resented here merely as a suggestion that for Tableau the sky i the imit in the ways thd
Hata can be visualized. A catch phrase in data analytic is “Slicing and dicing the data;
fvhich means there are many ways to analyze and visualize data.
“To wrap up, our discussion would be incomplete without mentioning the interacti

ature of most data analytics and data visualization software packages. For Tableau, i
particular thisis a key feature and one that greatly enhances its usefulness. A data analys
an generate different graphs,figures, charts, and so forth during the process of doing the
hnalysis. The analyst can choose different ways of breaking the data down or aggreatin
t, depending on the insights derived during the analysis. In this text presentation, it i
liffcult if not impossibl, to adequately showcase this critical feature o the software.
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owsTELLATION|

Extibit 6-16
Leaming Cuve
oNsTELLATION|

umulative production utputincresss.th average lbor tme required perunt declines,
s the labor time dectins.labor cost declines as wel. This phenomenon i caled the
Jearning curve. First documented by aeronauica engineer . T. Wright in he 19305
e leaming curve concept was populrized by the Boxon Consslting Group (BCG) i
e 19705, BCG broadened the eaming curveidea 0 include costs othe than direct ot
hind named tis phenomenon the experience curve. The learing-curve and expere
Furve conceps have been applied primarily to complex, labor-intensive manufacturing
bpertion, such as sircraftassembly and shipbuiding. Hocin and Aibus,forexample
ke extensive use of th leaming and experience curve concepts when budgeting the
bost for new aicrat design. However, the leaning curve also has sen lmited ppiicad
on i the heath care sevicesindusry, mainy focusing on complex surgical rocedures.

"o ilustrat the leaming curve concept. lers expore is use. by Constelro
Communicstons Technology (CCT). & Canadian manufactuer of sophisicated
Communicaions satelites in Vancouver, Brtsh Columbia. The company's satelits
iranmit voie and data communications aroundthe workl. CCT's management has found
at the leaming curve applies to he labor-itensive assembly operaton fo cach new
batellte design. A graphica portaya of CCT's leaning curve is shown n panel A
Exhibi 6-16. On this learming curve, when cu]lative output doubls. the versge abor
fime perunit declines by 20 percent. Panel B of Exhibi 6-16 isplaysthe total abortime
hind average labor ime per unit for various lvels of cumulative output. AS cumlai
butput doubles rom 3o 10 units, forcxample, th averag lbos time pe uit decines
percen,from 100 hours per unit 0 80 hours per uni. As CCT gans experence with
hew satelite design, estimats of the costofdirec abor should b adjusted dowmard
fakethis learming ffect ino account.

A Graphical Presentaion of Laarming Curve
|Average tabor tme perun pours)
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‘When the learning-curve concept s applied 10 4 broader set of Costs than just Tab
ost, it is referred t0 as an experience curve. Suppose, for example, that al labor an
Variable overhead cost are observed to decline by 20 percent every time cumulative out.
put doubles. Then we would change the vertical ais of Exhibit 6-16 to labor and vari.
able overhead costs. The graph would then be called an experience curve.

Learning curves have been used extensively in such indusiries as aircraft production,
Shipbuikding, and electronics to assist cost analysts in predicting labor costs. These cost
predictions are then used in scheduling production, budgeting, setting product prices, an

iher managerial decisions.

CISCO SYSTEMS, WALMART, TACO BELL, STAR-
BUCKS, U-HAUL, GENERAL DYNAMICS, AND FARM-
ERS INSURANCE: IS DIRECT LABOR A VARIABLE
cost?

The queston a5 to whether drec labo s 3 variable cost
Is interesting fom a cost estimaton perspectve, bu 50
presents an interesting etical sue.

Direct mateial 5 aluays a variable cost. At the other
‘exreme, depreciaton on faed facllies and Infasiructure
‘ypical s not. What about direct labor? Here t depends
onthe abilty and willngness of management to adus the
labor force to curtent needs. f management s able and
g t0 ire workers a5 needed and ay them off when
civey dectnes, drectlabor would be a variable cos. The
contemporary trend at many comparies seems tobe n this
irecion. Companies are looking st 10 bring In conract
workers hat they can quickl tap and 0p without paying
ny benefs o severance- I fac he tems have recently
been ihe fastestgrowing sector of employment."And they
aren' accounted for a5 reguiar mployees. Tishelps com-
panies that use 3ot of hem, ke Csco &t nc. 0 v,
up revenue per employee”

“The growing use of the Justin-tme workiorce Is
ot the only means by which companies are priming
the productiuty pump. Workers complain that many
‘employers are taking advantage of outdated labor laws
by misclassifying them as salarec-exempt 50 they can
Kt overtime pay. Walmar, Taco Bell, Starbucks, and
UHaul, among others, have been siapped with class

e

ctions Inthe case of Geneal Dynanics Cop. tis resuted
'3 $100 millon awerd tha = now on sppesl At Farmers
Insurance, employees got $90 milion. Some employers.
are 50 worried sbout the lssue tht they are now coing
‘wage-and-hour auds”

s t ethical 1o “op and zap” empoyees? What oo you
ink? (For mre on tis ssue, see Management ccountng
Pracic: Is Direct Labor o Voriable or o Fiked Cost?,
poge 240)

Relate 10 tis ssue s the ongoing debate bt rals-
Ing the U, federal minimum wage. Some have suggested
that 15 per hour Is an appropriate level, cting the need
for a "Ihing wage” Others argue that rasing the mini-
mum wage could actally be detimental o those I srves.
topep®

Etics Unnnappe concept vdeos
ETHICS et posesany sppy o this Focus on
UAWIAPDED, £ incude Seing YourBestSe.
Part 1:Moral Ausrness and Legal
Righs and Encal Responsiities
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(Chapter 5 Actiy Analyss, Cost Bhavi,and Cost Etination

L.06-1 Explin th rlationships between costesimation, cost behavior, and cost prediction. Cos
pehavio i the rltionship betwen cost nd aciviy. Cos stmation efrs  th determination o
ost's bhavior A costprdiction i forecastof & cos t  particula level of ctiiy

L0G-2 Define and descrbe the behavio ofthe following types of ost: variable, step-variable,
ed, sep-fied, semivariable (or mixed), and curvilinear. A variabi cost changes in ol

ost s both 3 varisble and & semivarisbe component. A curvilnesr cost hehavior patien has
urved graph.

L06-3 Explin the importance of the rlevant range in using a cost behavior pattern for
prediction. Cost prdicions should b confined 1o th reevant range, whic i te range of aciv
xpected fothe organizaton. I the organization operaie at an activty Jvel owside the reevant range,
ny cost predicionsbased o st rom the felevantrange may no b very sccurse.

L.06-4 Define and give examples of engincered cost, committed costs, and discrtionary
i cagincered cost bears a defnitive physical elsionship 1 the ativity measure. Direet material co
}< s example. A commited cost resultsfom sn organizaton’s ownership or e of faciles and
asic organization structur. Examples iclude property taxs and depreciation on buildings and equi
fnent. A discrtonary cost ariscs a & esult of 4 management decision 0 spend a partcular amount
froney fo some purpose. Examples inclc rscarch and development, adertsing, and prometion.

L0G-5 Describe and use the following cost-etimation methods: account classfication, vi
t, bigh-low, and leas-squares regresson. The account<lasificaion. visual-f high-low,

Jesstcsquars egression methods of cos stimation are sl bscd on an anslysisof historical cost da
Jscrved a a varity of acivitylevels. The account<lassification method ivolves a carcfl xamina-
7 of an organization'sldge account. Inthe visual-it method, a cost analyst pot recent obscrva-
s f costa variosacivtyIevls. e high-low method, a emivariable cost s esimated us

sy two dats poins: e high and the 109 activty Ievels. In he least.squares regresion method,

ost line i ctimated 05 to minimiz the sum of the sqarcd devistions between th cost ne

data poias.

L06-6 Describe the multple regresson, engineering, and learning-curve approaches to
bstimation. Muliple regresson is astatstical method that stimacs  linea (rightlne) elationsh|
peween one dependent variable and two or more independent varsbls. The cnginecring method
ost stmaion is based on a detaild analyss of he process that esults n cot incurence. Under th
Jesting-curve pprosch. the laborcost i esimated by studying th rlationship betwee thecumulat
roduction quantity nd the versge labo i requiredperuni. When tis approsch i aplied o cosd
fter thanlbor it s referred 0 s the expericnce-<urve pproach.

L06-7 Describe some problems often encountere in collcting dat for cost esimation. Som
ommon dta colletion problems nclude missing dta, oulies (highly unusual obscration), mis|
frached tme periods, and cost nflason. Allocated and discretionary costs ceae aber challenges
s collcion and cost stimtion.

L0G-8 Define big data, data anaytis, and dat visualizaton. Big data may be deined a a mas.
Kive volume o boh strcturd and unstrucured dtathat s so lrge i diffcul 0 rocess usin trad-
fional metods. Th inressng avalbility of dats hssgiven rise 1o dat anslytics, which i the proces
F cxamising data et i onle 1o draw conclusions about the information thy conai, ncreasing
it the i of specializesysems and compuer softwae. Dta visualization i te presetaton of dt
a graphical o picorial format 0 elp people discern paern, rends, relatonships, and othe com
Jex scenarios cbedded i the dta.

L06-9 Perform and interpret a leastsquares regression anaysis with  sigle independent vari{
e (Appendis). In the Ieast.squares regression method,the cost i s estimted 50,5 o minimiza
<um of the squarcddeviations betwee the cost line snd the dats pos. The rsaling rgresson ing
has aniterept on the vertical (cot) axis and  slop, which measurcs how seeply the cost e iss 4

hecviy incrases.
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Explain the relationships between cost estimation, cost behavior, and cost prediction.

efine and describe the behavior o the ollowing types of costs: variabl, step-
ariable, fxed, step-fxed, semivariabie (or mixed), and curviinear.

xplain the importance of the relevant range in using a cost behavior pattern for
ost prediction.

Define and give examples of engineered costs, committed costs, and discretionary cos's.

escribe and use the following cost estimation methods: account classification,
isual ft, igh-low, and least-squares regression.

escribe the mutiple regression, engineering, and learning-curve approaches to
ost estimation.

escribe some problems often encountered in collecting data for cost estimation.
efine big data, data analytics, and data visualization.

Perform and interpret a least-squares regression analysis with a single indepen-
fent variable (Appendis).

fanagers in almost any organization want 1o know how costs wil b affected by changes i
fhe organization's activity. The relationship between cost and activity. called cost behavior,
s relevant 0 the management functions of planning, control, and decision making. In ordes
to plan operations and prepare a budget, managers at Nabisco need to predictthe cost tha
fuil be incurred at different levels of production and sales. To control the costs of providing
commercial-loan services at Wells Farzo, exccutives need o have  fel for the costs tht the
ank should incur at various levels of commercial-loan activity. In deciding whether to
new intensive care unit, a hospital's adminisrators need 1o predict the cost of operatng
e new unit at various levels of patient demand. In each of these situations, knowledge of
cost behavior will help the manager to make the desied cost prediction. A cost prediction]
s forecast of costat @ particularlevel of activity.In th firt haf of this chapier, we wil
1dy cost behavior paterns and their use in making cost predictions.

How does a managerial accountant determine the cost behavior patern for a particu-
ar cost item? The determination of cost behavior, which is often called cost estimation,
an be accomplished in a number of ways. One way is o analyze historical data concern-
ing costs and activiy levels. Costestimation is covered in the second half o this chapter

“The following diagram summarizes the key poins in the preceding discussion.
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ur discussion of cost behavior patterns,also called cost functions, will be set i the con-
fext of a donut shop business. Donut Desire, Inc., operates a chain of five donut shops i

city of Toronto, Ontario. Each shop sells a variety of donuts, muffins, and sweet ollq
s well as various beverages. In addition to serving wallkin customers, Donut Desire will
Heliver large or regular orders within a specified distance of each shop. The company
eases several small deivery trucks to transport these orders from i various donut sh

the delivery customers.

“The managerial accountants for Donut Desire have recently completed a sty of the
ompany’s cost behavior (0 use in preparing the firm's budget for the coming year,
fhe study included the following costs.

Direct material: ngredients for donuts, muffins, and sweet roll; beverages; paper
products, such as napkins and disposable cups. N
Directlabor: wages and fringe benefits of donut shop food preparers, sale@bounter
personnel, and delivery-truck drivers.

Overhead:

Facilies costs: property taxes: depreciation on donut shops and equipment; salarie
and fringe benefits of maintenance personnel.

Indirect labor: salries and fringe benefits of managers and assistant managers of
donut shops.

Delivery trucks: rental payments under lease contract; costs of gasoline, oil, ties,
and maintenance.

Utiiies: electricity, Internet, elephone, and trash collection.

In studying the behavior of each of these costs, the cost analysts measured company
ctivity in terms of dozens of bakery items sold. Thus, dozens of bakery items sold i
Khe cost driver for each of the costs studied. A bakery item is one donut, muffin, o

weet roll. The costs to make each of these products are nearly identical. The number of
akery items sold each day is roughly the same as the number produced, since baker
oods are produced to keep pace with demand as reported by the company’s donut sho
Pranagers

/ariable Costs

jariable costs were discussed briefly in Chapter 2. We will summarize that discussior
here in the context of the Donut Desire illusiation. A variable cost changes in fotal i
lirect proportion to a change in the activity level (or cost driver). Donut Desire’s direct
naterial cost is a variable cost. As the company sells more donuts, muffins, and swee

s, th total cost of the ingredients for these goods increases in direct proportion t the
sumber of items sold. Moreover,the quantities o beverages sold and paper products use
 customers also increase in direct proportion to the number of bakery items sold. As.
sult, the costs of beverages and paper producs are also variable costs.

Panel A of Exhibit 6-1 displays a graph of Donut Desire’s direct-material cost. AS

‘graph shows, otal variable cost increases in proportion (0 the activty level (or cost
liver). When activity tiples, for example, from 50,000 dozen items to 150,000 doze:
tems, total direct-material costs ripl, from $35.000 to $165.000. However, the variable
st per unit remains the same as activity changes. The total direct-material cost incurres
er dozen items sold s constant at $1.10 per dozen. The table in panel B of Exhibit 6-1
llustrates this point. The variable cost per unit also i represented in the graph in panel
 Exhibit 6-1 as the slope of the cost lin.

“To summarize, as actvity changes, lotal variable cost increases in direct proportio
the ch: fivity level, but the variable cost per unit sant
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relatvely smallincremens. At Donut Desire, Inc., the direct-labor cost of food
. counter-service personnel, and delivery-truck drivers is a step-variable cost

bf these employees are part-time workers, called upon for relatively small i
time, such as a few hours. On a typical day, for example, Donut Desire may

5 employees at work in the donut shops. If activity increases slightly. these emplo
can handle the extra work. However,if actvity increases substaniially, the vario

bf about 5,000 dozen bakery items per month. When monthly activity increases b
nartow range, direct-lsbor costs increase.
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fctivity level or cost driver) varies. Faciltis costs, which include property taxes, depre{
ation on buildings and equipment, and the salaries of maintenance personnel, are fixe

osts for Donut Desire, Inc. These fixed costs are graphed in panel A of Exhibit 6-4. Thi

raph shows tha the fotal monthly cost of property taxes, depreciation, and maintenance

personnel is $200,000 regardless of how many dozen bakery items are produced and sol
juring the month,

“The fixed cost per unit does change s activity varies. Extibit 64 (panel B) shows
that the company’s faciliies cost per dozen bakery items is $4.00 when 50,000 doze:
tems are produced and sold. However, this uit cost declines 10 $2.00 when 100,000 dozer
tems are produced and sold. If actvity increases (o 150,000 dozen items, unit fixed cost
Juill decline further, o about S1.33.

A graph provides another way of viewing the change in unit fixed cost as activit
hanges. Panel C of Exhibit 64 displays a graph of Donut Desire’s cost of property
axes, depreciation, and maintenance personnel per dozen bakery items. As the grapl
Ehows, the fixed cost per dozen bakery items declines steadily as activity increases.

‘To summarize, as the activity level increases, tota fixed cost does not change, but
it fixed cost declines. For this reason, it i preferable in any cost analyss to work wit

al fixed costrather than fixed cost per unit.

Step-Fixed Costs

Some costs remain fixed over a wide range of activity but jump 10 a different amount for
hctivity levels outside that range. Such costs ar called step-fixed costs. Donut Desire*
st of indirect abor is a step-fixed cost. Indirect-labor cost consists of the salaries ane
ringe benefis for the managers and assistant managers of the company’s donut shops.
Donut Desire’s monthly indirect-labor cost is graphed in Exthibit 6-5.
As Exhibit 6-5 shows, for activity in the range of 50,000 to 100,000 dozen bak-
items per month, Donut Desire’s monthly indirect-labor cost is $35,000. For this
nge of activity, the company employs a manager and an assistant manager in each donut
. When monthly activity exceeds this range during the summer tourist season, the
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bummer positions. Their salaries boost the monthly indirect-labor cost 0 $45,000.
Desire has not experienced demand of less than 50,000 dozen bakery items per month
Howexer, if such a decrease in demand were 1o occur, the company would reduce
Haily operating hoursfor it donut shops. This would allow the irm t0 operate each
bhop with only a full-time manager and no assistant manager. As the graph in Exhibit 6-
indicates, such a decrease in managerial personnel would reduce monthly indirect-|
bost 10525000
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semivariable (or mixed) cost has both a fixed and a variable component. The cost
2 delivery trucks is a semivariable cost for Donut Desire. Inc. These coss ard
raphed in Exhibit 6-6. As the graph shows, the company’s delivery-iruck costs havd
‘components. The fixed-cost component is $3.000 per month, which s the monthly
‘payment paid under the lease contract for the delvery trucks. The monthly rental
syment is constant, regardliess of the level of actvity (or cost driver). The variable-cost
it consists of the costs of gasoline, oil, routine maintenance, and ires. These]
vary with activity. since greater activiy levels result in more deliverics. The dis
between the fixed-cost ine (dashed line) and the total-cost ine in Exhibit 6-6 s the
of variable cost. For example. at an activity level of 100,000 dozen bakery items.
total variable-ost component is $10,000.
“The slope of the total-cost lin s the variable cost pe unitof activity. For Donut Desire{
variable costof operating ts delivery trucks s $.10 per dozen bakery items sold.
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