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ABSTRACT

The purpose of this paper is to study how requirements management could be utilized in
connection to a service performance measurement system. Public private partnership (PPP)
in Finnish Defence Forces’ (FDF) catering operations is studied as a case example.

There are two research questions, which are studied: Firstly, do catering operations create
KPDI’s, which enable inter- functional co-operation and service development? Secondly, do
these KPIs support both efficiency and effectiveness of PPP catering operations?

Evidence from the previous studies on the subject indicates that there should be a single
“power-by-the-hour” metrics unit, which enables a transparent follow-up of the performance-
based operations. This research highlights requirements value in creation of economic effi-
ciency and effectiveness from the end-user point-of view and reciprocal value creation be-
tween inter-functional service systems. This research’s results show that focus on portion
control can produce information, which enhances inter-functional co-operation between PPP

stakeholders.

KEYWORDS

requirements management, performance based logistics, catering operations, public private
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Introduction

Role of privately operated, previously public
functions have increased their importance in Europe
during the last decade. Over the past 25 years there
have been more than 1300 public private partnership
(PPP) contracts in EU worth more than 5 million [1].
Purpose of the PPP is to reduce costs, enhance effi-
ciency and transfer operational risk in the operations
previously run by public entity by transferring these
functions to a privately run entity /company [2]. PPP
is a widely studied subject but still questions refer-
ring to responsibilities, overall roles of these profit
generating enterprises and most of all management
of the relationship causes debate. This debate re-
flects the ideological background of the debate par-
ticipants and easily takes the focus out of the pos-
sible, proven benefits of the PPP [3]. This research
highlights requirements value in creation of economic
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efficiency and effectiveness from the end-user point-
of view and reciprocal value creation between inter-
functional service systems.

In this paper there are two research questions,
which are studied: Firstly, do catering operations
create KPI’s, which enable inter- functional co-
operation and service development? Secondly, do
these KPIs support both efficiency and effectiveness
of PPP catering operations?

The purpose of this paper is to study how re-
quirements management could be utilized in con-
nection to a service performance measurement sys-
tem. Two variables representing financial require-
ments and customer requirements have been chosen:
financial value per dish or ingredient and energy val-
ue per dish or ingredient.

Concept of Key Performance Indicators (KPIs)

was introduced by two Harvard professor Robert Ka-
plan and David Norton already 1992 [4]. Purpose of
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the KPIs is to measure non-financial metrics and add
them to the more traditional financial metrics while
assessing company’s results. A decision to use KPIs
in the service operations’ development is a quite nat-
ural one. Having said that, there are service specific
features, which must be taken in to consideration.

According to [5], services are produced and con-
sumed simultaneously. Therefore there is a real risk
that predefined KPIs do not reflect the actual pro-
duction/consumption process. KPIs in the form of
requirements increase transparency and offer an un-
ambiguous form of communications between stake-
holders. More precise, but simple customer centric
outcome metrics enable development of operations
without compromising each stakeholders predeter-
mined goals. This demands a structured mecha-
nism to gather, collect and analyse these goals and
use of requirements management can improve these
processes. Further more, well-defined requirements
contribute to the service operations management de-
velopment relevant disciplines, such as strategic man-
agement, organizational behaviour and service mar-
keting.

PPP requires a management model or an ap-
proach, which combines service production, trans-
parent metrics in a form of requirements and inter-
functional process management. Performance based
logistics is a system, which focuses on the outcome
of the service processes which value is always defined
by the beneficiary of the service product [6, 7]. Out-
come of the service processes should be in the form
of pre-defined requirements. Results from the earlier
researches indicate that requirements management
enhances the overall effectiveness. Goal oriented re-
quirements management steers sub-system develop-
ment and management and reduces individual sub-
system development at the cost of the common goal
[8, 9]. Management model is scalable to other indus-
tries than one research here, but there must be a
high contingent operations’ awareness. Development
requirements must be formed to suit existing oper-
ational production environment and process benefi-
ciaries.

Public Private Partnership

A Public private partnership exists when a public
authority is transferred to private sector. This au-
thority transfer fulfils private and public outcomes
previously offered by a public entity [10]. In PPP a
long-term goal is to increase public service efficien-
cy by using private service provider [1]. In PPP the
whole life-cycle of the contract is linked to the sev-
eral metrics such as quality of the service delivered
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and level of the service delivered [11]. These metrics
should enable constant follow-up and development
in a way, which can help to negotiate performance
based contracts. Metrics should be transparent and
both risks and rewards should be shared following
the basic principles of the PPP, illustrated in the
Table 1.

Table 1
Public Private Partnership.

Wang, 2009,
p. 779 [12]

“...partnerships, involves a far
more intensive interaction (or syn-
ergy), which requires strategic col-
laboration and inter-tangled ac-
tion between the public and pri-
vate parties from the very begin-
ning of a project. In a partnership,
two parties conduct joint decision
making and specify the problem,
solution, and product in the joint
process.”

Demirag et al.,
2012, p. 1318 [2]

“...involves the public and private
sectors sharing the risks and re-
wards on clearly defined projects
financed by the private sector.”

As reference [11] research’s results showed, diver-
sity in PPP has increased during the past years. Part
of this change is also witnessed in Finland. A pub-
lic entity, Finnish Defence Forces (FDF) has formed
strategic PPPs with several private operators [13].
One of these strategic partners is Leijona Catering,
which runs all the catering operations on behalf of
the FDF.

In a PPP all financial rewards should be tied
to any contract extension or renewal to contractor’s
achievement [14]. Controlling and monitoring process
of the partnership should respect both parties and
measures should be as neutral as possible. Efficien-
cy should be measured in a way that the principle
described by Doerr et al. (2005, p. 167) is met:

“Are purchasers sufficiently rational and careful,
and the quality of the service sufficiently definable
and measurable, that effective, informed consumer
sovereignty can be exercised?” [15].

One should bear in mind that in their research by
[16] bring to a readers attention a fact that benefits
of privatization are not clear-cut.

Performance based logistics (PBL)
— a service management model
in a military context

Service as a research discipline is very fragment-
ed and development of services requires a multidis-
cipline approach [9]. One of these approaches (in
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military context) is PBL, a combination of several
logistics function [17]. Each of these logistics func-
tions/services and the whole service system requires
a measurable outcome, a KPI. These intra-entity
and inter-entity KPIs form the service system mea-
surement network. Therefore management and de-
velopment of a PBL system requires a goal given in
the form of requirements and embedded network, as
work by [4] and [18] shows.

In performance-based logistics (PBL) responsibil-
ity of the product/service system management is on a
supplier of the system, unlike in the traditional end-
user — supplier relationship [19]. In PBL according
to Berkowitz et al. (2003, p. 5):

“ .. contractual mechanisms will include long-
term relationships and appropriately structured in-
centives with service providers. . ., to support the end
user’s (warfighter’s) objectives.” [20].

In PBL a customer buys predetermined out-
comes. These outcomes are dependent on and si-
multaneously vulnerable to outcomes of sub-systems.
This interdependency is similar to the service sys-
tems and demands close co-operation among the
whole supply chain [21]. A widely used example of
the PBL is the case of Rolls-Royce. Rolls-Royce built
a contract model in which a fixed price per flying
hour covered all the maintenance and spare parts.
This made it possible to predict the cost of the ser-
vice and reduced the uncertainty of the purchaser [9].

Efficient PBL operations demand a completely
transparent set of simple, realistic, consistent and
easily quantifiable metrics [6]. They should support
all the operations and take into account all the stake-
holder groups participating to the service production
[3]. Therefore a traditional customer centric service
development perspective is not fully valid notwith-
standing research by authors such as [ 5, 7, 22, 23].

In our case example FDF purchases an outcome
of the service, provided by the catering operator Lei-
jona Catering. There are two outcomes of this service
purchase: firstly, FDF fills it’s obligation according to
national legislation to offer nutrition to every service-
man and secondly service supports the individual ca-

pabilities of a single serviceman by providing a neces-
sary nutrition and energy [24]. These outcomes form
the base for the service requirements.

Requirements management

Requirements are either qualitative or quantita-
tive properties, characteristics, expectations of the
product or behaviours of the product [25]. Use of re-
quirements management in the service development
is almost self-evident. Because a value of the service
is defined by the beneficiary as described by [7] this
value is evaluated not how something is done but
what is the outcome of the obtained service. In PBL
services are defined in terms of results rather than
how results are achieved. Therefore there is a need
to use standards, which measure performance a sys-
tem must conform in a form of requirements [26, 27].

Research design

Evidence from the previous servication studies
indicates, that there should be a single “power-by-
the-hour” metrics unit, which enables a transparent
follow-up of the operations [28]. Purpose of the em-
pirical research was to find statistically valid KPIs,
which would meet customer, buyer and end-user re-
quirements. In the study catering operations were de-
fined as a supporting function for the military. This
notion gave a clear framework to catering services
in a military capability development framework, as
stated by [29]. Although catering operations function
in a peacetime environment, it obviously has a signif-
icant role in the FDF during a crises situation. This
is a fact, which simply can’t be ignored while study-
ing peacetime PPP between FDF and its partners.
Research framework is illustrated in the Fig. 1.

The catering operations were studied in one food
service unit for a time period of five days in February
2016. Before the data collection period a restaurant
manager was interviewed, recipies of each meal were
researched and standardised data collection methods
were agreed. This reduced the research bias during
the observation period.

PPP, defines, the expected, service

v

Managed. following the

Catering operations

of requirements.

principles of PBL KPis -

embeddedness ratio

single ingredient,

Fig. 1. Research design.
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Case unit offers its services daily approximately
to 700 customers, three times a day [30]. Of these 700
customers, 40 individuals were daily randomly cho-
sen during each meal for measuring energy (kcal),
realized financial value (euros) per dish and possibly
produced plate waste also in kcal and euros.

A number of observations per meal was restricted
due to the research environment and restricted time
frame per meal. Only background information col-
lected from the observed servicemen was their height
and weight. These figures were collected for identi-
fication purposes and for the possible further ana-
lysis.

During the data collection process authors used
minimum six research assistants to collect and mea-
sure empirical data. Each research assistant used pre-
cision scale which accuracy was guaranteed by using
a standardised comparison weight. Each portion in
the sample was weighted before and after consump-
tion, component by component. Results were record-
ed by the author and transferred to the Excel spread
sheet program for the further analysis.

During the observation period service provider of-
fered 73 breakfast items, 69 lunch items and 63 din-
ner items. There were 11 to 15 articles served on each
meal even without separation of the ingredients in
the dishes. Separation of ingredients was not neces-
sary, because service provider had calculated energy
and monetary values per dish. Also, same items such
as porridge, milk and bread were served during the
observation period on various meals, but they were
taken into consideration during the calculations due
to the energy value and cost they created. In the
first phase energy and financial value sums of each
observations were calculated.

Altogether there were 2 (collection and
waste)*600 observations (servicemen) and each of
these observations had 11-15 articles as observation
points. For the each individual observation point en-
ergy value and financial value was calculated and
distribution and t-tests of these values were calcu-
lated using SPSS program. Results of these tests are
illustrated in the Appendices 1 and 4. If a distribu-
tion did not follow the normal distribution a box-plot
analysis was conducted. Purpose of this analysis was
to find the possible outliers in the data set. Results
of this analysis are illustrated in the Appendix 2.

These results were compared to the figures, which
form the base for the contract between FDF and a
service provider. After the comparison authors stud-
ied a change to create an “embeddednes ratio”, which
would act as a single “power-by-the-hour” — figure.
This ratio would be built using the following vari-
ables if current metrics did not provide adequate in-

52

formation about efficiency and effectiveness of cater-
ing operations:

a = taken portion or ingredient calculated by the
monetary value, €;

b = taken portion or ingredient calculated by the
energy value, kcal;

¢ = predetermined monetary value of a portion
or ingredient, €;

d = predetermined energy value of a portion or
ingredient, kcal;

e = plate waste by energy value, kcal,

f = plate waste by monetary value, €;

g = number of customers informed in advance;

h = actual number of customers.

Results

There were two research questions studied: First-
ly, do catering operations create KPI’s, which enable
inter- functional co-operation and service develop-
ment? Secondly, do these KPIs support both efficien-
cy and effectiveness of PPP catering operations?

Two variables representing financial requirements
and customer requirements were chosen: financial
value per dish or ingredient and energy value per
dish or ingredient.

These variables represented efficiency and effec-
tiveness, respectively. Results indicate that there is
a need to improve both areas. This could lead to
reduced costs, enhanced efficiency and transfer oper-
ational risk in the operations previously run by the
public entity.

Efficiency

Efficiency was researched by calculating variables
measuring service provider’s ability to produce pre-
demanded amount of dishes for the predetermined
financial value. These figures are strongly affected
by the information given by the service buyer in the
form of number of expected customers.

During the research period alterations of the
manpower figure were between +6% to —19%, where
a negative number indicates that the actual number
of customers was smaller than announced.

Second computed metrics, which affected efficien-
cy was a plate waste created by each customer. Ra-
tionale behind this figure was that if there was no
plate waste, service provider managed to offer its
products efficiently. Thus, service offering was creat-
ed in a manner, which was efficient, because customer
(end-user) requirements in the form of energy (there
was right amount food) and taste (no left-overs) were
met.
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Role of plate waste was found to be almost in-
significant. None of the daily observations followed
the normal distribution. Amount of zero plate waste
varied between 24-34 observations per meal and total
amount of plate waste in kcal is very small. Results
of plate waste t-tests and t-test of distribution are il-
lustrated in the Appendix 3. Actual figures from the
sample are illustrated in the Table 2.

Third computed efficiency metrics concerned the
monetary value of meals, calculated by the mean sum
of all ingredients each serviceman collected from the
self-service line. An alarming notion was, that there
were only three meals, which met predetermined fi-
nancial values. Overall results are illustrated in the
Table 3.

Table 2
Amount of plate waste created by the sample.
0 semieeman | G0 senvteemrl | plate waste [keal] | % difference
Breakfast 1034 36160 35126 2.86
Monday Lunch 756 35680 34924 2.12
Dinner 1278 38000 36722 3.36
Breakfast 347 34040 33693 1.02
Tuesday Lunch 359 42800 42441 0.84
Dinner 776 41480 40704 1.87
Breakfast 3799 32360 28561 11.74
Wednesday Lunch 2852 58560 55708 4.87
Dinner 3360 38960 35600 8.62
Breakfast 1985 34760 32775 5.71
Thursday Lunch 1049 48040 46991 2.18
Dinner 1383 34640 33257 3.99
Breakfast 744 31240 30496 2.38
Friday Lunch 1516 46000 44484 3.30
Dinner 3445 52000 48555 6.63

Table 3
Mean financial value per meal, predetermined, difference and confidence interval (CI), values calculated as the difference
between predetermined and actual in euros.

Mean financial value [%)] Pre])‘:fefs::s’ %] Cr** (%)

Breakfast 54 46 3.2

Mon Lunch 84 16 4.3
Dinner 94 6% ** 1.0
Breakfast 59 42 4.2

Tue Lunch 81 19 1.6
Dinner 103 —3r* 3.8
Breakfast 68 32 10.3

Wed Lunch 57* 43 3.0
Dinner 91 9 11.1
Breakfast 57 43 6.2

Thu Lunch 85 15 3.8
Dinner 91 9 6.2
Breakfast 49 51 4.0

Fri Lunch 70 30 4.3
Dinner 112 —12%** 8.8

% from the pre-determined Pre vs. mean [%]

* — distribution was not normal, ** — confidence interval mean financial value taken,

*** — predetermineated financial value met
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Effectiveness

Effectiveness of the operations was calculated by
the energy provided to the servicemen. Overall re-
sults are illustrated in the Table 4. Again, drastical-
ly only one meal met or exceeded the predetermined
energy levels. A “Difference” variable from these ef-
fectiveness observations should be multiplied by the
amount of actual customer and divided by the num-
ber of predetermined energy level, in order to follow
production efficiency and to control over production.

For the further statistical analysis a one-sample
T-test was run. Its results illustrated in the Appen-
dix 4 show the confidence interval, which should be
taken into consideration when comparing results.

When all the variables were added up and con-
verted to monetary values, the total difference dur-
ing the five day observation period was as high as
€5147,12. This amount takes into account energy
value not consumed and a mistakes in manpower fig-
ures. Kcal to € conversion is illustrated on a Table 5.

Table 4
Mean energy taken, predetermined energy, difference and confidence interval.
Nean energy taken £/ Cr | Dredsermined [ Diflwenee T T
[keall [kcal] [kcal]

Breakfast 657 904 247 73.844

Monday Lunch 723 892 169 72/50
Dinner 857* 950 93 79.953

Breakfast 534* 851 317 61.828

Tuesday Lunch 714 1070 356 73.892
Dinner 797 1037 240 78.247

Breakfast 551 809 258 58.425
Wednesday Lunch 1065 1464 399 105.097
Dinner 773 974 201 72.522

Breakfast 512 869 357 52.010

Thursday Lunch 966 1201 235 82.567
Dinner 640 866 226 51.1631

Breakfast 438 781 343 66.970

Friday Lunch 812 1150 338 63.927
Dinner 1405 1300 —105%** 130.023

* —distribution was not normal, ** — confidence interval mean energy taken,

*k

* — predeterminated energy value met

Table 5
Kcal converted to monetary values.
Average

dégfvfgéie Nun_lber Total Pre-announced ) Total Pre&a(u)r:;);lg:ed Tota'l
pre-announced of servicemen | gigoonce kcal/whole |  difference value/meal financial

and actual using in keal meal in pre-announced all ingredients effect

consumption the service [kcal] meals €] €]
[kcal]

Breakfast 247 933 230451 904 255 0.94 239.70

Monday | Lunch 169 684 115596 892 130 1.82 236.60

Dinner 93 648 60264 950 63 1,17 73.71

Breakfast 317 749 237433 851 279 1.15 320.85

Tuesday | Lunch 356 619 220364 1070 206 1.50 309.00

Dinner 240 614 147360 1037 142 1.37 194.54

Breakfast 258 706 182148 809 225 1.28 288.00

Wednesday| Lunch 399 612 244188 1464 167 2.84 474.28

Dinner 201 748 150348 974 154 2.64 406.56

Breakfast 357 779 278103 869 320 0.96 307.20

Thursday | Lunch 235 661 155335 1201 129 0.9 119.97

Dinner 226 723 163398 866 189 1.39 262.71

Breakfast 343 824 282632 781 362 0.82 296.84

Friday Lunch 338 550 185900 1150 162 1.39 225.18
Dinner —105 195 —20475 1300 —16 1.37 —21.92

3733.22
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Conclusion

In the best-case situation efficiency and effective-
ness figures could be used to create an “embedded-
ness ratio”. If the optimal situation were met a figure
would indicate three things. Firstly, portions’ energy
and monetary value would match the planned and
bought outcome. Secondly, no plate waste would be
created, indicating good end-user value of the pro-
vided service. Thirdly, production process would be
efficient, because no over production would exist.
This figure would function as a single “power-by-the-
hour” — figure and give a transparent and objective
base for PPP development following PBL principles.

Even without a new ratio, results clearly in-
dicate that there is a need to streamline opera-
tions and alter the principal foundation of the con-
tract. Based on the results it can be concluded that
catering operations create KPI’s, which would en-
able inter-functional co-operation and service devel-
opment with the help of “embeddedness ratio”. This
KPI would support both efficiency and effectiveness
of PPP catering operations better than currently
used individual metrics.

Current metrics are not simple, realistic, consis-
tent and easily quantifiable and therefore they do not
serve PBL purposes in the PPP between FDF and
Leijona Catering.

Service provider followed its own efficiency and
sales margin by each individual meal. In PBL frame-
work this figure should be compared to the served
energy value and if predetermined energy values are
not met, a service provider should return an agreed
amount of compensation. This is not possible if the fi-
nancial deviations are not specified. Only three meals
met predetermined financial value indicating over-
pricing of served meals.

Efficiency was affected by the FDF’s own ineffi-
ciency too. Currently FDF uses only headcount of
the servicemen as a base of its efficiency metrics.
Duty officers inform catering unit the manpower fig-
ures calculated in the companies. Rapid changes in
the training program, calculation mistakes and other
human errors make this figure highly unreliable. In
order to specify this figure, catering unit calculates
used trays after each meal and gives a deviation fig-
ure in percentages. Both of these methods are vul-
nerable to inaccuracies and malpractice.

Used percentage figure told very little about effi-
ciency in the terms of requirement set by FDF. De-
mand fluctuation in the observed catering unit was
large. In the Monday morning restaurant served 933
servicemen and on the Friday dinner there were only
195 customers. On the other hand this Friday din-

Volume 7 ¢ Number 3 e September 2016

ner had the largest percentage deviation in the in-
formed and actual customer number. Therefore the
actual difference calculated by the number of cus-
tomers (43 individuals) is obviously smaller despite
a significantly larger percentage figure (—19%) com-
pared e.g. to Monday breakfast 103 individuals and
—10%. Manpower alterations increase the overpro-
duction of dishes reducing efficiency significantly.

Effectiveness of the operations was researched
studying the energy values of the served dishes. Only
one meal reached or exceeded the predetermined en-
ergy value. This has imminent effect to the efficiency
due to the over production of food. It can be stated
that in the PBL framework the service provider does
not meet the service buyers or end-users’ objectives.

While going through the conclusion, one has to
bear in mind that this research was limited to an in-
dividual business unit within a single industry. Hav-
ing said that results are very much in line with the
previous researches. Examples by [31, 32] indicate
both benefits of PBL and possible limitations of it
which are similar to our results.

Limitations of the study

Limitations of study relate to the nature of the
case study. Firstly, this study represents only one in-
dividual garrison at the capital area of Finland. Sec-
ondly, the observed food service unit is located close-
ly to the commercial foodservices. There is a risk that
consuming behavior outside the service hours makes
generalization of the results more difficult. Thirdly,
there is always a risk that case study in the closed
environment affects the individuals, whose behavior
is monitored and studied. Fourthly, a closed environ-
ment, such as garrison makes it difficult to general-
ize these results to the purely commercial environ-
ment.

Author used data triangulation in order to mini-
mize all described but still possible limitations.

Recommendation
for the future research

Further empirical research on the use of embed-
dedness ratio would increase transparency and re-
duce misinterpretations between stakeholders. For
further studies authors recommend analysis, which
would concentrate on identifying possible cluster cen-
ters from the vast amount of collected data. Clus-
ter analysis run on all the individual cases (cus-
tomers), each answer responding to individual ingre-
dients served in the form of requirements would help
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to create more efficient and effective PPP. Also nu-
tritional values and environmental effects of the food
production could be researched using the vast empir-
ical data. Purely customer centric survey would in-
crease customer perspective and possibly gain service
provider’s efficiency and effectiveness due to better
customer satisfaction. These issues were outside the

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision
One-Sample
The distribution of VARDDOOS is Retain the
1 normal with mean 0,578 ai '_‘gr"m%"’" 200, ;  null
standard deviation 0,21 Tast " hypothesis.
Lenriian, i« One-Sample
The distribution of VARDODO4 is Retain the
2 normal with mean 657,016 and '_(grln'"."fn%%m" 200, , null
standard deviation 230,89, Tes(' hypothesis.
The distribution of VARDOODS s Qnie-Sample Retain the
3 normal with mean 1,516 and -S'm'rn%m' 200, ; null
standard deviation 0,44, TES[I hypothesis.
P One-Sample
The distribution of VARDODOG is Retain the
4 normal with mean 723,679 and ‘fgrm?n%‘f’m"' 200, , null
standard deviation 226,69, ot hypothesis.
The distribution of VARDDDD7 is  one. Sample Retain the
5 normal with mean 1,096 and oiegoroy 200, , null
standard deviation 0 33. :l‘esll ) hypothesis.
The distribution of VARDODOS is E"‘f Sample Reject the
6 normal with mean 857,432 and é:mm:]ng‘;:l"mv 200, ,  null
standard deviation 250,00 Tast " hypethesis.
The distribution of VARDDOO is  Jne-Sample Retain the
7 normal with mean 0,675 and -Smi rn%w 200, ; null
standard deviation 0,28. Tes(' hypothesis.
The distribution of VARDDD1D s Me-Sample Reect the
8 normal with mean 534,832 and —Sm'rn%v 200, 5 [ null
standard deviation 193,32, Tes(' °" hypothesis.
The distribution of VARDDOL1 is  Qne-Sample Retain the
8  normal with mean 1,217 and —Sm'rn%w V200, null
standard deviation 0,37, Tes(’ hypothesis.
One-Sample
The distribution of VARDOD12 is Retain the
10 normal with mean 714,498 and ‘_(grt.‘";'%%ﬂm" 200, , null
standard deviation 231,05, Test hypothesis.
One-Sample
The distribution of VARDODIS is Retain the
11 normal with mean 1,412 aj Kgnrlnmron%;numv 200, ;  null
standard deviation 0,50. Tast " hypothesis.

Asymptotic significances are displayed. The significance level is ,05.
q Lilliefors Corrected
2This is a lower bound of the true significance.
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Null Hypothesis Test Sig. Decision
. One-Sample
The distribution of VARDDOZ3 is Retain the
21 normal with mean 0,821 and ‘_(grl‘,‘"."rﬁngc:’/m" 200, 5  null
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The distribution of VARDDD24 is  One-Sample Retain the

. Kolmogoroy
22 normal with mean 966,902 and —Smirngcw 200, null

standard deviation 258,17, Test hypothesis.
The distribution of VARD002S is  QME-Sample Retain the
23 normal with mean 1,256 and —Sm'rn?w 200, ; nu
standard deviation 0,35. Testl hypothesis.
. . One-Sample
The distribution of VARDDOZE is Retain the
24 normal with mean 648,444 and ‘}gr;mgg;’vm‘ 200, , null
standard deviation 159,98, Testl hypothesis.
The distribution of VARDOD27 is  QMi-Sample Retain the
25 normal with mean 0,404 and —Qmimgcw 200, ;  null
standard deviation 0,23, Test hypothesis.
I " Y One-Sample
The distribution of VARDDO2S is Retain the
26 normal with mean 438,172 and '_(grl‘,‘".'%%?rm" 200, , null
standard deviation 209,40 Testl hypothesis.
. One-Sample
The distribution of VARDDOZS is Retain the
27 normal with mean 0,966 and ‘}g&fﬂggjﬁ" 2001, nu
standard deviation 0,31. TES[I " hypothesis.

The distribution of VARODD30 is ggl"n:é;rggs 200, lei'lin the
1

28 normal with mean 812,390 and ~Smirmov nu
standard deviation 199 8%, TESII hypothesis.

Asymptotic significances are displayed. The significance level is 05,
1 Lilliefors Corrected

2 This is a lower bound of the true significance.
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scope of this research but they can‘t be neglected in
the future research.

Appendix 1

Test of normal distribution, kcal and monetary
value of taken meals.

Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
r : One-Sample
The distribution of VARDDD14 is Retain the
12 normal with mean 797,864 and 'fgr'n"ﬂg]%m 200, 5  null
standard deviation 244,66, TES(I “ hypothesis.
n " One-Sample "
The distribution of VARDDD1LS is Retain the
13 normal with mean 0,874 and '}gr'nmgﬂcgm' 200,, null
standard deviation 0,30, T".'S(l hypothesis.
r One-Sample
The distribution of VARDDD1G is Retain the
14 normal with mean 551,914 and 58:.1"131%%'0' 200, ;  null
standard deviation 182,68, Test “ hypothesis.
kel o One-Sample
The distribution of VARDDD17 is Reject the
15 normal with mean 1,613and ~ KEIMOGOrov 509 (g
standard deviation 0,62, Test “ hypothesis.
The distribution of VARDDOL8 (s  One-Sample Retain the
16 normal with mean 1 020,890 and —Smirngov 200,  null
standard deviation 328,62, Test " hypothesis.
A . One-Sample "
The distribution of VARDDD1S is Retain the
17 normal with mean 2,389 and ﬁglnrﬁ'ﬁl%’wm' 200, null
standard deviation 0,70, Test hypothesis.
. . One-Sample
The distribution of VARDDDZ20 is Retain the
18 normal with mean 773,364 and 'fgrlnr?if:%'vm' 200, 5 null
standard deviation 226,76, Tast " hypothesis.
A (o Dne-Sample
The distribution of VARDDD21 is Retain the
19 normal with mean 0,554 and fg:nmﬁq‘%;’vm' 200,, null
standard deviation 0,19, Tcstl hypothesis.
The distribution of VARDDD22 s Q1é-Sample Retain the
20 normal with mean 512,726 and g rngcw 200, 5  nul
standard deviation 162,62, ES(I " hypothesis.

Asymptotic significances are displayed. The significance level is 05,
; Lilliefors Corrected

2 This is a lawer bound of the true significance.

Hypothesis Test Summary

MNull Hypothesis Test Sig. Decision
One-Sample
The distribution of VARLIDMJ is Rn:taln the
20 normal with mean 1,535 a Kglmagorov  500,, null
standard deviation 0,44, Tcs.ll i hypothesm
One-Sample .
The distribution of VARDOO32 is Retain the
30 normal with mean 1 405,306 and E;:J‘:hﬁ'%:’mv 200, ,  null
standard deviation 406,56, TES[' " hypothesis.

Asymptotic significances are displayed. The significance level is ,05.
1 Lilliefors Corrected

2This is a lower bound of the true significance.
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Appendix 2

Test of outliers, observations which did not follow
normal distribution.

One-Sample Kolmogorov-Smirnov Test
1600,004
12,0 Normal Parameters
Mean 857,432
Std. Dev. 250,00
10,0+
1400,00 > 80
H
H
7 6.0
1200,00 “0
2,0+ | ™~
g 00 T 1
- 250 500 750 1000 1250 1500
38 1000,00 VAR00008
=]
g
> Total N 40
800,009
Absolute ,159
Most Extreme Differences Positive ,159
600,00
Negative -,088
Test Statistic ,159
400,00
Asymptotic Sig. (2-sided test) 012, 5
jLilliefors Corrected
, This is a lower bound of the true significance.
One-Sample Kolmog Smirnov Test
1600,00+ 154
Normal Parameters
Mean 534,832
12,54 Std. Dev. 193,32
1400,00- z 10,0
3 75 —
H
1200,00 307
25
@ o S—
=3 0/ T T T y
S 100000 200 400 00 800 1000 1200
] VAR00010
-4
<
> Total N 40
00,00
Absolute 167
60000 Most Extreme Differences Positive 167
Negative -,098
400,007 Test Statistic 167
Asymptotic Sig. (2-sided test) 006, 5
y Lilliefors Corrected
2This is a lower bound of the true significance.
One-Sample Kolmogorov-Smirnov Test
100 Normal Paramaeters
1,504 Mean 1,613
' Std. Dev. 0,62
o 8.0
6.0
|
£ 40
20
~ —
- 0.0~ T T t + 1
o 0.5 10 1s 2.0 25 30 35
8 VARDOO17
&
< 2,00
= Total N 40
Absolute 171
1,504
Most Extreme Differences Positive 171
Negative 102
1,00
J; Test Statistic 171
Asymptotic 5ig. (2-sided test) 1005, ;

1Lilliefors Corrected
2 This is a lower bound of the true significance.
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Appendix 3

T-test and test of distribution for plate waste
values.

One-Sample Test

Test Value = 0
" df Sig. (2-tailed) Mean Difference 95% Confidence Interval of the Difference
Lower Upper
Mon, *B, € 3,694 39 ,001 ,03125 ,0141 ,0484
Mon, B, kcal | 4,007 | 39 ,000 25,84925 12,8003 38,8982
Mon, *L, € 2,276 | 39 ,028 ,04350 ,0048 ,0822
Mon, L, kcal 2,006 | 39 ,052 18,89725 —,1601 37,9546
Mon, *D, € 1,837 | 39 ,074 ,00550 —,0006 ,0116
Mon, D, kcal 2,121 39 ,040 31,94950 1,4814 62,4176
Tue, B, € 2,428 | 39 ,020 ,02875 ,0048 ,0527
Tue B, kecal 2,664 | 39 ,011 8,67575 2,0896 15,2619
Tue, L, € 2,456 | 39 ,019 ,01450 ,0026 ,0264
Tue, L, kcal 2,705 | 39 ,010 8,96725 2,2611 15,6734
Tue, D, € 2,010 | 39 ,051 ,02600 —,0002 ,0522
Tue, D, kcal 2,265 | 39 ,029 19,39025 2,0736 36,7069
Wed, B, € 4,485 | 39 ,000 ,14675 ,0806 ,2129
Wed B, kcal 4,483 | 39 ,000 94,98600 52,1253 137,8467
Wed,L, € 2,968 | 39 ,005 ,06175 ,0197 ,1038
Wed, L, kcal 3,465 | 39 ,001 71,30575 29,6791 112,9324
Wed, D, € 4,630 | 39 ,000 ,33650 ,1895 ,4835
Wed D, kcal 5,209 | 39 ,000 84,00050 51,3855 116,6155
Thu, B, € 3,041 39 ,004 ,04500 ,0151 ,0749
Thu, B, kcal 2,888 | 39 ,006 49,62525 14,8654 84,3851
Thu, L, € 2,222 | 39 ,032 ,02000 ,0018 ,0382
Thu, L, kcal 2,388 39 ,022 26,23675 4,0164 48,4571
Thu, D, € 3,049 | 39 ,004 ,06550 ,0221 ,1089
Thu D, kcal 3,046 | 39 ,004 34,57125 11,6152 57,5273
Fri, B, € 2,140 | 39 ,039 ,01725 ,0009 ,0336
Fri, B, kcal 2,940 | 39 ,005 18,60850 5,8078 31,4092
Fri, L, € 2,458 | 39 ,019 ,03600 ,0064 ,0656
Fri, L, kcal 3,142 | 39 ,003 37,90875 13,5052 62,3123
Fri, D, € 2,956 | 39 ,005 ,08850 ,0280 ,1490
Fri, D, kcal 3,127 | 39 ,003 86,11950 30,4181 141,8209

*B — breakfast, L — lunch, D — dinner.
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Hypothesis Test Summary Hypothesis Test Summary
Null Hypothesis Test Sig. Decision Null Hypothesis Test Sig. Decision
" One-Sample " One-Sample
The distribution of VARDOOD1 is Reject the The distribution of YARDDD21 is L Reject the
1 normal with mean 0,031 and Eg'!;ri'ﬁ‘%%m" 000, lluﬁﬂ 21 normal with mean 0,020 and Egmﬁ‘%%m' ,000;  null
standard deviation 0,05. Tast hypothesis. standard deviation 0,06. Test hypothesis.
One-Sample erb 1o One-Sample
The distribution of VARDQO[)z s R the P
2 norm.:lu T rlrman Py i Kalmogoray 000, | Al The distribution of VARDODZ22 is Kolmagaroy Reject the
=Smirnov 1 22 normal with mean 26,237 and ~Smirnov ,000; null
standard deviation 40, 30 Test hypothesis. standard deviation 69,48, Teot hypaothesis.
One-Sample -
The distribution of \maonooa is Reject the i i One-Sample
3 normal with mean 0,044 and fgrlrwr""%?’m" ,000; | null 23 :gfn‘?éfﬂeﬁtrﬁ&ﬁfo‘f&?ggf = Kelmagorov — ng ;'lzu'n.t 4=
standard deviation 0,12. Test hypothesis. standard deviation 0,14, :rz;':'mm hypothesis.
AT o One-Sample
The distribution of VARDOODS is Ry the " : One-Sample
4 normal with mean 18,897 and ~ KEIMdrV  pop, il 24 whe distribution of VARDDD24 is  kolmogorov oo | Rt the
standard deviatian 39,59. Test e — standard deviation 71,78, Jomirriov ' hypothesis.
One-Sample
The distribution of VARDOODS is 2 Re, the One-Sample
s EGREIE e oo, i as subensianesiss ooy, R
Standard deviation 0,02 Test EYBothesiss standard deviation 0,05. :rigzurn(w " hypothesis.
One-Sample
6 moedistribution of MARDDOUE IS Kolmogorov oo | RejecL the The distribution of VARODD26 is  Gne-S2mele Reject the
T e e Ju o0 -Sminov O A thesls 26 normal with mean 18,608 and ~ KEIMOZOOY g5 |yl
Test . standard deviation 40,03, Test Y hypothesis.
One-Sample
7 O O asaoag’ ' Kelmagoroy oo | AojecLtRE The distribution of VAR00D27 s One-Sample Reject the
standard deviation 0,07, =Smirmov 1 hypothesis. 27 normal with mean 0,036 and Kglmogamv ,000; | pull
Test standard deviation 0,09, :re::wnm' hypathesis.
crrl it i« One-Sample
The distribution of VARDOODS is Reject the -
8 normal with mean 8,676 and fgrl‘.rr'fn%‘um" 000, null The distribution of VARDDO28 is Eglemg?;r:rﬂs Reject the
standard deviation 20,59, Testl hypothesis. 28 normal with mean 37,909 and —Smirnov ,000, null
standard deviation 78,30. Test hypothesis.
The distribution of VARDOOOS is ES.",;ET,‘Q,'E Hg‘m the Asymptotic significances are displayed. The significance level is 05
9 normal with mean 0,014 and -Smurn%v ¥ 000, | null !
standard deviation 0,04, Test hypothesis. L Lilliefors Corrected
TPTI o One-Sample
The distribution of VARDDO10D is Rej the
10 ncrmal with mean 8,967 and Eg:':‘f'ﬁ,'%%mv ,000, | nul ]
standard deviation 20,97, Test hypothesis.
One-Sample
The distribution of VARDDO11 is Re the
11 normal with mean 0,026 and ':gm&%mv 000, | null
standard deviation 0,08. Test hypothesis.
Hypothesis Test Summary Hypothesis Test Summary
Null Hypothesis Test Sig. Decision Null Hypothesis Test Sig. Decision
i One-Sample The distribution of VARDOD28 s One-Sample Reject the
12 noval with man 10,360 and © Kolmogoroy oo - peffetthe 29 normal with mean 0,088and  XQIMO9OMV  og, i)
standard deviation 54 15. _-ri;l:lrnw hypothesis. standard deviation 0,19, Test hypothesis.
st b .« One-Sample
X . . - | The distribution of VARDOD30 is Rej the
The distribution of VAROOO13 is 07t Samele Reject the 30 normal with mean 86,120and ~ KOIMOdoroV o0 Reject
13 normal with mean 0,147 and “Semirnoy ,000; null standard deviation 174,17, T ! hypothesis.
standard deviation 0,21, TES(I hypothesis, ext
Asymptaotic significances are displayed. The significance level is 05,
The distribution of VARDOD14 is Egﬁﬁzamf Reject the 1 Lilliefors Corrected
14 normal with mean 94,986 and =Smirn%w 000, null
standard deviation 134,02, Tast hypothesis.
The distribution of VARDDD1 is  One- Sample Reject the
15 normal with mean 0,062 and —Smumgm ,000, null
standard deviation 0,13, Test hypothesis.
The distribution of VARODO16 s~ O Samiple Reject the
16 normal with mean 71,306 and =Sm|rn%w 000, null
standard deviation 130,16, Tast hypothesis.
The distribution of VAROOD17 is Eg‘emgar:ﬂs Reject the
17 normal with mean 0336and ~ “gTO9OY  pon, aull
standard deviation 0,46, Test hypothesis.
The distribution of VARDDO18 s I amile Reject the
18 normal with mean 84,000 and -Smirn%w ,000; null
standard deviation 101,98, Test hypothesis.
The distribution of VARDD019 s 2N Sample Reject the
19 rnormal with mean 0,045 and —‘Smirn%v 000, null
standard deviation 0,09. Test hypothesis.
The distribution of VAR0O020 is Q1= Sarmple Reject the
20 normal with mean 43,625 and —Smirn‘%w 000, null
standard deviation 108,69. Test hypothesis.

Asymptetic significances are displayed. The significance level is 05,

Volume 7 @ Number 3 e September 2016 59



I

www.czasopisma.pan.pl E\g www.journals.pan.pl

POLSKA AKADEMIA NAUK

Management and Production Engineering Review

Appendix 4

One sample T-test, difference between announced
monetary values and actual energy.

One-Sample Test

Test Value = 0
N da Sig. (2-tailed) Mean Difference 95% Confidence Interval of the Difference
Lower Upper
Mon, *B, € 17,261 39 ,000 ,57750 ,0098 ,6452
Mon, B, kcal 17,997 39 ,000 657,01600 583,1724 730,8596
Mon, *L, € 21,979 39 ,000 1,51550 1,3760 1,6550
Mon, L, kcal 20,190 39 ,000 723,67875 651,1798 796,1777
Mon, *D, € 21,098 39 ,000 1,09625 ,9912 1,2013
Mon, D, kcal 21,692 39 ,000 857,43225 777,4789 937,3856
Tue, B, € 15,514 39 ,000 ,67525 ,0872 , 7633
Tue, B, kcal 17,497 39 ,000 534,83175 473,0039 596,6596
Tue, L, € 20,666 39 ,000 1,21725 1,0981 1,3364
Tue, L, kcal 19,558 39 ,000 714,49775 640,6054 788,3901
Tue, D, € 17,799 39 ,000 1,41225 1,2518 1,5727
Tue, D, kcal 20,625 39 ,000 797,86425 719,6172 876,1113
Wed, B, € 18,462 39 ,000 ,87350 7778 ,9692
Wed B, kcal 19,107 39 ,000 551,91375 493,4887 610,3388
Wed,L, € 16,543 39 ,000 1,61325 1,4160 1,8105
Wed, L, kcal 19,648 39 ,000 1020,89000 915,7928 1125,9872
Wed, D, € 21,466 39 ,000 2,38910 2,1640 2,6142
Wed D, kcal 21,570 39 ,000 773,36350 700,8410 845,8860
Thu, B, € 18,018 39 ,000 ,55425 ,4920 ,6165
Thu, B, kcal 19,940 39 ,000 512,72600 460,7163 564,7357
Thu, L, € 17,942 39 ,000 ,82100 , 7284 ,9136
Thu, L, kcal 23,687 39 ,000 966,90200 884,3347 1049,4693
Thu, D, € 22,951 39 ,000 1,25650 1,1458 1,3672
Thu, D, kcal 25,636 39 ,000 648,44350 597,2804 699,6066
Fri, B, € 11,142 39 ,000 ,40350 ,3302 ,4768
Fri, B, kcal 13,234 39 ,000 438,17150 371,2018 505,1412
Fri, L, € 19,585 39 ,000 ,96650 ,8667 1,0663
Fri, L, kcal 25,705 39 ,000 812,39028 748,4633 876,3173
Fri, D, € 22,184 39 ,000 1,53500 1,3950 1,6750
Fri, D, kcal 21,861 39 ,000 1405,30650 1275,2831 1535,3299
*B — breakfast, L — lunch, D — dinner.
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