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ABSTRACT

Food hubs has seen substantial growth in past few decades but the overall operational
efficiency and effectiveness is a concern far inanagers of these facilities. The physical

layout and infrastructure of the facility along with training to the operators is one of the
critical part of improvements that will improve the efficiency of these facilities. Regional

food hubs even thoughftirent from largescale food hubs, effectively need both

operational efficiency and effectiveness. Currently, the food hub is reliant on volunteer labor
without any specific training materials to help them acclimatize to their respective job. The
lack oftraining provided to the volunteers causes volunteer frustration and operational errors.
The adhoc labeling system used in the food hubs to hold the material there is another area

for concern.

This thesis proposed a scientific management approach taqyeraaat of operations as
compared to the aldoc methods followed currently. This thesis analyzed the current
workflow method, infrastructure layout of the facilities and the operating procedure followed
by the workers and compared the efficiency with thditaah of scientific management
techniques like training and standard operating procedure for workers along with improved

layout of the facility.

In order to check for the current efficiency, Task Analysis and Time study techniques were
used. A scaled dawsimulation of the regional food hub was set up in the lab and a control
group performs the task as it is performed in the food hub currently. The experimental groups
performed the task in the modified method using scientific management principles like

training, standard work procedure and process improvement. Thgrfmuyp experiment
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helped the experimenter compare the efficiency of the current and the proposed method and
find out which factor I's maki ng moto stackp f an i
time to pack, number of errors while stacking, number of errors while packing and team
interaction.

The experiment designed was a 2*2 factorial design, consisting of 60 participants divided

into fourtreatmengroups. Theareatmengroups had dcombinations of the two

i ndependent wvariables &6Tr ai tréeatmgniyroup had fivé Pr oc e s
teams with three members each. Theaboeent i oned KPI 0s were studi
shows that for time to stack and pack, both trainingpandess improvement significantly

reduce time. For Number of error while stacking, both training and process improvement are
significant whereas for time to pack, only process improvement significqauiiice the

number of errors. 8h Training and Procedmprovement is sighcant in improving the

Team Interaction score



CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW
General Introduction
AThe structure of agriculture in the United S
spheres: large, corporatalgordinated, agricultural commodity production units; and dispersed,

local,andsmalles cal e farms relying on direct marketso

In the case of United States, 99.2% of all food purchased is through traditional wholesale
channels such as restaurants, grocery stores, and institutions (Martinez, et, al). It was a tough
market for smalscale markets in the future. However, over the last decade, consumers have
found a market for specific goods in the small local markets. $gabif there is an increased
demand for locally produced food and this has seen the rise of direct markets. A focus of the
local food system movement early on nationally was organically grown produce. Over time,
trends have evolved to include an emphasignvironmentally sustainable production methods
without necessarily being certified as organic. National research on food hubs conducted in
2013, described in the following section, explored the approach of food hubs related to
procurement of locally pauced foods and their use of specific criteria (requirement for) versus
preferences for certified and neertified organic, sustainably produced and other categories of
food products.

Thus there is a very clear increase in demand of regionally producexkfothe last decade and

this rise is mainly due to its social, economic and environmental benefits.



Local/Regional food

The word local has been ambiguously used over the years. According to the definition adopted

by the U.S. Congress in the 2008 FoGdnservation, and Energy Act, the distance anything can

be transported and stil!]l be called 6l ocally o
than 400 miles from its origin, or within the State in which it is produced. As mentioned above,

the demand for local/regional food has grown tremendously in the United States over the last
decade. Since20e 014, the growth in farmerds mar ket i
is 280% and growth in School districts with farm to school program®isnd 430% (Lovet al

2015. In addition, the growth of Direct to consumer sales grew by a multiple offB1f@®2

2007. The reason why the consumers prefealdoodis not only because of environmental

factors but also because of social, health aoeme@mic factors(Tropp, 2008).ocal food

according to customers have higher quality, gives them a chance to learn about the farming
practices, support local farmers and srsalile business and economically productive use of

land. 66% of the people strdgdelieve it supports local economies, 60% believe they get a

wider variety of products, 45% of the people believe that it provides a healthier alternative, 19%
believe that local food enhances carbon footprint and 19% believe that it will lead toeaséncr

in natural or organic production (AKearny, 2013. The study also found that 38% of the people

are willing to pay 5% or more, whereas 24% of the people are willing to pay 10% or more for

locally grown food. In addition, people in all segments ofab@nomic strata are willing to pay

more for locally grown food with 57% of the lelwvcome families and 95% of the Single urban

families willing to pay more.



Food hub

As people in each community move more towards local food, the community took aiventbat

organize the diverse local food production and distribution solution and thus leading to the
formation of a community based | ocal food sys
emer ged. Food hubs are def i nteanomstsate adigniftann ci al |
commi t ment to place through aggregat,21659. and m
This definition is a narrower version of the USDA definition that sees food hubs as mechanisms

for working with local producers armbmmunity to create a diverse collection of local food

while having a positive economic, social and environmental impalairvtheir communities

(Barnhamet al., 2012). The food hub thus provides a point, which could act as a single point

where producersan bring their goods and expect a better cut of profit. In addition, food hubs

provided that point where consumers could come and buy local food.
Regional Food hub

The regional food hub is defined as fna busine
aggregation, distribution, and marketing of soudmntified food products primarily from local

and regional producers to strengthen their ability to satisfy wholesale, retaistihdional
demando. e(aB a0l2).Mlusythey act as the kayat towards creating large,

reliable, consistent supply of local food. The main characteristics of a regional food hub

according to (Barnham et al., 2012) are that they coordinate the aggregation and sale of local

goods, the producers are involved in ltusiness side of operations and are just not people who

supply goods and makes sure that the producers get a good price for their produce using market
differentiation techniques. Thus, they aim to be a positive impact on social, economic and

environmentafactors, not just the financial side.
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The overall operation of a food hub is very similar to a conventional food supply chains. The
food hubs since they act as the aggregator and distribution channel for the goods should make
sure they have a very goodpply chain system in place. Most of the food hubs have made
investment in the food distribution infrastructure. They generally have a building that acts as a
warehouse and a distribution center (Barntedal.2012). The major difference between the

food hub and a conventional store is that, the conventional store mainly works for profit and this
profit is not shared equally with the producers who are more often than not exploited. The food
hubs on the other hand, makes sure they keep it fair for thegersdand focuses on the well

being of all stakeholders. The wholesale buyers who want to have local products in the store find
food hubs an easy place to get the products rather than approaching individual producers
(Barnhamet.al.2012). The regional foothubs can generally be classified into Farm to
business/institution model, farm to consumer model and hybrid model. The regional food hubs
are better than other direct to consumer markets like farmer market and farm stands because they
have a consistent pply of food items. The food cooperatives in this research study is based on
the Farmto-consumer modeBarnhamet.al.2012). This is where the food hubs are responsible

for marketing, aggregating, packaging and distributing products directly to themenssrhe

food hubs generally have ankek selling cycle during which the producers are supposed to

bring in the quantities ordered by the customers. The food hubs act as distribution centers taking
in the supplies bought by the producers, placing thettmeirspecific inventory locations,

processing them as need be, picking them according to the orders and repackaging them
according to customer orders. Since the regional hubs are mainly organized and run by non

professionals, there are many operationallehges faced.
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Factors affecting operational efficiency/Challenges faced in fodaubs

Even if there are various benefits of a food hub, there are many challenged feectmp 5

challenges faced by food hubs are, balancing supply and demand (37%@ingamawth
(19%),accesgo capital (14%),ihding gpropriate technology (5%) anack of ownership of
infrastructure (4%). Even though food hubs are growing in the United States with over 95% of

the food hubs experiencing an increase in demand forpiaeucts and serviceR(rcell E,

2014, the food hubs earn only 4% profit with an average®s. A typical food hub operates

with a net margin 0f2.99%. Purcell E, 2011 This clearly suggests that even if food hubs are a
very good and growing initiate, there needs to be work done all aspects for it to achieve its real
potential.

Operational challenges are another big factor for the food Aubgnd 45%of the food hubs

managers mentioned that increasing staff, securing more product supphsiimgrea

truck/delivery capacity and increasing warehouse/storage space as an operational barrier.

major reason why increasing staff is a challenge to the growth of food hubs because of the lack
of training material or standard procedures available tedhmteers. Also, according to

(Bunham, 2012), the average employee in a food hub is 5 among which the number of volunteers
are around 3. Thus lack of effective management skills appears to be a major abstacle
development of food hub. (Fischer et2013)Lack of training programs to the managers as well

as the volunteers who work at the food hub is another obstacle addressed in the survey. Based on
these findings, this research study is conducted to see the positive effect of providing training
andapplication of scientific management to the regional food hubs. The layout of the facility and
the inventory storage locations (i.e., refrigerators, freezers, and shelves) needs to be reassessed as

the food hubsd operatiomschgngmw and the needs
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Scientific management
The current management style followed in the food hub-isogdstyle management. Atc
style management was one in which the workers and the managers did not follow a specific set
of procedure and the manager was isdlétem the workmen. In addition, the workers could use
any methods they think would suit the job and there was ndastprocedure followed.
(Chandima2009. In the current process followed by the food hub which is mainly volunteer
based Fischer et al2013, the new volunteers who come in to work does not have a specific
procedure set to follow and end up working just to complete the work told. This leads to
customer dissatisfaction, which is a major kearto the growth of food hub (AKearny).
Sciertific management believes that workers would have higher productivity if they were
assigned specific tasks. Scientific management majorly encompasses;

1. Shift in decision making from employers to managers.

2. Develop a standard method for performing each job

3. Train workers in the standard method established.

4. Help workers by good planning and avoiding interruptions.

Based on these principles, the importance of training and the individual work done by each
worker is very clear and that is the basis upon whichdieatsfic management theory is built
on.(Gaugler, E., 1995)

Motivation for research

The three factors that motivate this research are:

1. Need for training currently given to the volunteers and workers at the food hub

2. Lack of any studies on the workflow dysis on the operational side of food hub
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3. Need of introduction a$cientificmanagement principles in food hub to improve the

effectiveness and efficiency.

The growth of foodhubs over the last decade clearly shows that there should be more study done
on the operational side of food hulihere has been a lot of studies focusing on the supply chain
aspect of food hubs and how it dag optimizedo improwe the efficiency of a food hub (Mittal

& Krejci, 2015; Craveret al, 2016; Mittal et al 2017).Theneed of effective management skills
appears to be one of main causes of the inefficiency of food (kibsher et al, 2013)raining

to the managers and workers on common functionalities of all food hubs and also training

specific to a particular food hub another factor that the National food hub survey suggests.

The introduction ocientificmanagement principles in the industry has seen the various
industries like the auto industry has seen it thrive in tifea®@ 2% century Gaugler, E., 1995

There is a distinct lack of research done on the operational side of food hub and this is the gap
my research is trying to bridge by introducing the Scientific Management and work organization

principles in the food hub.

Hypotheses

H1: The Experimental grguwill take less time to stack than the control group.

H2: The Experimental group will take less time to pack than the control group.

H3: The Experimental group will have less number of errors in items stacked than the control
group

H4: The Experimentalrgup will have less number of errors in items packed than the control

group
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H5: The overall Team Interaction score of the experimental group will be higher than the control

group
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Literature review

This chapter will look at all the literature that focusegthe work done on the food hubs and the
areas of improvement that has been proposed based on previous studies and how scientific

management principles could aid in filling this gap.

Local food has seen a significant growth in the last decade and shiaahslated to a growing

body of research devoted to the topic. Studying and knowing the previous research enables us to
build upon the research that is already done on this topic and exploring those areas that have
been left out. The answer as to whyréhis the sudden growth in local food system has been
answered in the previous research with many studies pointing to the environmental, health and
economic benefits of moving towards local food hiany studies have also shown the benefit

of moving towads local food for the communitgHarris et.al, 2012Ninne, M., & Donahue, K.

2013 Johnson, R et.al, 201BaumanA, etal, 2014)

According to the National food survey, the major challenges to the growth of a food hub are,
managing growth, balancing qulp and demand, access to capital, operational difficulties, price
stabilization and finding reliable staffigcher et al, 20)3Also, the major barriers to growth
according to the survey was increasing staff, securing more product supply, increa&ing tru
capacity, increasing warehouse space, securing capital and consumer education.

According to this survey, increasing staff was the barrier to growth that the most food hubs
noted. Of these, 19 hubs estimated the amount of money it would take to itlcesastff to an
appropriate level. Report from the various food hubs also suggest that increasing the revenue
would not be enough to pay the staff and that other methods should be introduced in order to
increase the productivity of the current staffeThubs had estimated costs that were around

$10,000 to $250,000 with an average of $67,000 whereas the sales are in the range of $17,000 to
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$45,000,000 per annum with an average of around $3,000/86hé€r et al, 20)3Thus, it is

clear that just by imeasing the cash flow, the volunteer attrition or work satisfaction will not be
affected and other ways of improving the volunteer interaction and satisfaction has to be looked
into. Standardization and documentation, people management, material flowaditg cpntrol

can be used to improve the efficiency and effectivenbitta( et al, 2016) One possibility is

train the staff and introduce standard work proced#isclier et al, 20)3Training is defined as
O0A planned pr oc e savledg®or skib tkhabior thraugh ai learning experiénne
to achieve effective performance in any activity or range of activities. Its purpose, in the work
situation, is to develop the abilities of the individual and to satisfy current and future manpower
needs of t he FicegolpaDn & Boskice, D.rM988) (

Training plays an important role in the achievement of an organization goal by working towards
the interest of the workforce and the organization itsétdwers, B,1996. Training has a
positiveimpact on the return on iegtmentTraining tries to impart necessary knowledge, skills
and attitude to perform job related tasks and thus aids in improving job performance in direct
way. (Truelove 1995. The ideal practice is to supplement trainingwiaindson experience
(Hughey, A. W., & Mussnug, K. J. 1997)hey also state the idea of a Training manager, who in
the case of food hubs could be the manager who is-arfidlemployee and how knows how the
food hubs work. The time spent on training elegs on the size of thestitutionand in the case

of food hubs, need to be not a lot since the operation is not so colfiplgkey, A. W., &

Mussnug, K. J. 1997TheNational Fooehub Survey2013also mentions that improving the
efficiency or performace of the employees is another way to improve operational efficiency of a
food hub. Training and development is a critical factor in the improvement of the employee

efficiency(Ahmad, 1., & ud Din, S. 2009 Trainingcan be defined in many ways for exampl
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training is defined as the planned and systematic modification of behavior through learning

events, activities and programs which result in the participants achieving the levels of

knowledge, skills, competencies and abilities to carry out their weektefely (Nassazi, A.,

2013

Training is given to employees mainly so that they acquire knowledge and perform it the best of
their abilities. Scientific training is one of the most important principles of Scientific

Management. Taylor states that eaompany should train the workers scientifically rather than
passively leaving them to train themselves. It aiongrtearth and cultivat®orkmerd s

endowment, let them have the best performance in their work and obtain the highest efficiency
(Freeman1996.1t can be seen that Afitnidmen gs treeflfi d&a bwas
their top three challenges faced by food hubsdher et al, 20)30ne way to make the current
volunteers reliable is to give them initial training. It can alsobe seehthidependence on
volunteer | aboro is a major conctameamployges t he f
to regular volunteers to occasional volunteers was 1 to 6.4 to 8. One of the major concerns of the
food has been the high volunteer attritrate. It can be seen that one of the factors that has

always affected volunteer retention is satisfaction (Chelladurai & Ogasawara, 2003; Hayhurst,
Saylor, & Stuenkel, 2005; Jamison, 20Q3yrla A. Costa, Laurence Chalip, B. Christine Green,

2006 Perkins& Benoit, 2004 Satisfied and happy employees are more likely to stay with an
organization. The two keys components that volunteer job experience depends on are: (1)

training and (2) task execution. Thus, volunteer experience depends on the job isatisfett

training they receive which helps them do the job well (Wisner, Stringfellow, Youngdahl, &

Parker, 2005; Elstad, 1996). It is also seen that volunteer job satisfaction plays a direct role in

improved job commitment (Vandenberg & Lance, 1992; Bate&&trasser, 1984;) Thus,
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training should be set up in a way that there is interaction among the volunteers. This will enable
the volunteers to improve their social connection and thus foster a community where they would
want to come again and thus redatteition rates and at the same time improving job

satisfaction.

Another factor that is a part of scientific management Principle is introduction of standard
operating procedure (SOP) to improve the efficiency. Scientific Management implies that
supervison must be achieved through a clear chain of commands and thus implies that SOP is a
critical part of the philosophystandard operating procedures g&t it must provide

instructions in a manner that is easy for the new operator to easily understanoctss and do

it effectively and consistentlyTuck, MK., et.Al, 2009 Thus, they should be concise

systematic instruction to do a job effectively. Subject matter experts who know the process
inside out shoul d make S @dghésstoeonsdltthe breppyeesiarmu | d

consider their inputs.



19

CHAPTER 2
METHODOLOGY
lowa food cooperative

lowa Food Cooperative is a mufirm, community supported aguiture cooperative orgézed

in 2008 The aim of the Cooperative was to create &esyto be a focal point for the distribution

of local food while meeting the demand for locally produced and benefitting the producers,
customers and workers. Every producer, customer and workers are all part of the board and they
are all equal stakeholdem the cooperative. Thus the cooperative also helps to build a connect
between the customers and the producers. Thus it is astakéholder cooperative. The

Sandhills farm to Table cooperative was one of the first of this typeuallgepwned of

enteprises.The members can order productssgekly, depending on the season and the

producers will bring in the produce on the Wednesdays and Thursdays. The customers can come
in and get their order on Thursdays and various distribution centers pack tiseagoiatake it to

the respective distribution centers on Thursdays. The main products are divided into 3 sections.
Frozen, Refrigerated and dry goods. Thepalso sells bulk produce in standard case lots and
specialty produce, such as tomatoes, salad etc. Along with fresh produce, the cooperative

also sells shel§table items, such as jams, packaged flour, and bread. Dairy products including
eggs is also avaible. The cooperative has more than 1@@@%sumersubscribers. This

subscription model hedpthe producers to know ahead of time the quantity of products needed

for that cycle and gives them to time to finalize products available to be sold in additional
channels. The members generally subscribe for a season, thus the cooperative receives a

mondary commitment, creating a more stable market for both member classes. The cooperative
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totally relies on a strong supply of good quality goods by the local producers-atxled
products are priced according to their local retail price.
Work flow
The magor activity in the food hub can be divided into 3 sections.
1. Aggregation
2. Stacking
3. Packing

The general operation in the Food hub happens on a Wednesday and Thursday.

A pictorial representation of the facility layout is showrkigurel.

|
Utility .
Room Staging

Area Kitchen/Storage Area

Restroom

F4 F5 F6 F7 .5 ft

R10 R11

F1 F2
R7T RE
[T 1 ] Hallway (cooler storage)

=) Color Descriptions:
R3 Red = Folding Tables
Yellow = Refrigerators and Freezers
ST Green = Dry Goods ]
e _I“_’I } Blue = Storage Shelving
9 o
A - F14
- -
14
] L
14
o
m —J
@

Figurel: Cadrepresentation of the facility layo(Mittal, 2016)
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Process chartDay 1
1. Producer comes in with items they are supposed to bring The food items all have a tag a
shown in fig 2 which tells us what the food item is, who is the customer, the customer

numker, the producer name and the quantity.

SUNRISE
Produce Grown Nature’s Way

IFC-3790-AMES [NON]
Kelly Poole
Sunrise
#1395 - Elephant Garlic
(1 pound)

Figure2: Item tagon all items bought by the producer

2. One of the workers checks in the Producer based on the producer list invoice. The list

contains the different items, quantities, weights as showigure3.

Figure3: Producer invoice
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. Once the particular producer is checked in and the workers confirm they have all the

goods, the producer collects the check from the previous week and leaves.

. The items bought in by the producer is treated differently bas@hat is the item.

There are mainly 3 categories
a. Normal food items Non refrigerated items
b. Refrigerated food items
c. Frozen food items

. The way in which each type is treated is as follows

1 Dry goods- All kept in a tray and then assembled based on Customneiner and

place of delivery as shown Kigure4.

Figure4: Dry good shelves

1 Refrigerated goodsAll the items are kept in the refrigerators just according to

their place of delivery as shownkiigure5. Also, once they are kept, a tag with
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therespeci ve producersd name is stuck on t

the stacking) making it easy for the volunteers to pack.

Figure5: Refrigeratos

1 Frozen food Kept in refrigerators at the back. Arranged according to customer

number place of delery as shown ifrigure6.

Figure6: Freezergor frozen goods
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6. Volunteers come in by now and start putting tags on the pantry as shévguiae3 .The
process they follow to put the tags on the pantry is:
1 The volunteers were given lists sorted acauydp the place of delivery. The list

as shown irFigure7 contains all items going to the particular place sorted

according to the customer name and number.

Organic Greens LLC

- David Camphouse

Global Greens: Jipat Cylindra Beets (1) - bag
Global Greens: Namas Leeks (1) - bunch
Global Greens: Namas Fresh Ginger (1) - bag
Heritage Hill Farm, Green Onion Bunches, 5-7 per bunch (2) - bags
Heritage Hill Farm, Romaine Lettuce 1/2 1b bag (1) - bag
Lee's Greens, LLC Arugula (1) - bag
Lee's Greens, LLC spinach (1) - bag
Middle Way Farm Kale, Green Curly (1) - bunch
Sunflower Greens, Organic, 5 oz (1) - bag

] Holdeman Poultry Capon Party Wings $2.50 per 1b. (1) - package
O Lucky George Farm Spicy Merguez Sausage (1) - package
=) Early Morning Harves Cucumber (2) - items
O Sunrise German Xtra-Hardy Garlic (3) - bulbs
138 [] mer  serry patch ram Snack size Honmey crisp apples SALE (1) - 5 1b bag
6548 ] ®er Global Greens - Eati Dinosaur Kale (1) - bag
8000 L] REF  Global Greens - Eati Babybeats (1) = bag
7953 [] mer middle way Farm Arugula (1) - 6 oz. bag
5288 D REF  WW Homestead Dairy Cheddar Cheese - Chipotle Morita (8oz bl (1) - 8 ounce bloc
(3559)) IFC-3559-OTT - Julieanne Gentz
5165 D REF Beaver Creek Produce Butterhead Lettuce (1) - item
6634 D REF  Country View Dairy Original: 4-Pack of 6 oz Black Cherry (1) - 4-pack
6645 [] mer Country View Dairy oOriginal: 4-pack of 6 oz Strawberry (1) - 4-pack
5928 D REF  Early Morning Harves Large brown eggs (1) - dozen
4468 D REF Iowa Orchard 2nd Grade-HoneyCrisp Apples 1/2 Peck (1) - peck
4613 D REF WW Homestead Dairy Butter (Salted) (1) - pound

Figure7: Customer invoice

1 The volunteers then take the list to the respective delivery mlaagdn on the
pantry and see if the name tags having the respective customer name who has a
Non-refrigerated food item in the list is already put up on the pantry. If the tag is
already there, then put a tick mark against that customer name on thieHest. |
tag is not theregircle the respective custonséname. If there is an extra tag
whose customer is not on the current list, remove it and keep it on its back side.

1 Once the tags needed are known, the volunteer checks the stacks of tags as shown

in Figure8 kept on a movable cart. The tags are kept sorted according to the
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customer number. Volunteer akes for the respective tag thatneeded and takes

it from the stack. In case the customer number is new, then a new tag is made.

Figure8: Stack oimagnetic tags

1 These tags are then taken and arranged in ascending order of the customer name

onto the pantry shelves as showrkrigure3.
Process chartDay 2

1. The producers stop bringing in food at 11am. The volunteers start packing the goods at

12:00PM.

2. There will be clipboards on which the lists are attached according to the delivery place

and they are color coded for the ease of volunteers a shdviguire9.
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Figure9: Color coded listised for packing

3. There is no special sequence as to whictwiigle packing is done. Volunteers are free
to choose whatever list they like and start there.
4. The lists are divided into 3 categories
1 Frozeni Itis basically the whole list of items as showrrigure? for a
particular place sorted according to customeémber and number with FROZ
marked on the top.
91 Dry goods- It is the whole list of items as shownkigure7 for a particular place
sorted according to customer number and number with DRY marked on the top.
1 Refrigerated The refrigerated goods list color coded according to the place
and is not sorted based on the customer number or namehsritams all look

alike and it  too tough to sort based on name as showigure10.
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OrTUMwA REFRIGERATED

‘Viane Littuce, Buttoriest (1 5057
1 hasd Midcla Way ? e ik i)

Inc__Kae (0 A%50]

Figurel0: Refrigeratedjoodslist
5. The packing method is differefdr the different items

1 Frozen goods They are packed into coolers with dry ice at the bottom. The
cooler will have the Place name written on top and also will have the list attached
to it with the producer names so that it will be easy for the distribut

1 Refrigerated goodsThey are packed into coolers with no dry ice at the bottom.
The coolers have the nametbé Place of delivery. Also, isinot packed
according to the customer name.

91 Dry goods- They are packed into dry box according to the glafcdelivery. And
they are arranged according to the customer name and number. The list of
customer number is stuck on the box making it easier for the distributors.

6. Once it is packed, the respective distributors come and load them onto the respective

transportation options available.
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The overall process flow chart divided into 3 main categories is shown kgiiness 11, 12 and
13.Figurell showing the initial check in procegsgurel2 showing the stacking process and

Figure13 showing the packingasge.
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Participant selection
There were 60 participants selected for the study where eaeliragpt in the study requiredl
participantsThe 60 participantscluded in the study were students enrolled at lowa State
University. The participants called for the study had no previous experience in working in a food
hub since we needed to validate the effect of first time volunteers. Patiscipgeded for the
study was called in 3 ways. Usityers APPENDIX O containing brief of the study details
was the T method and they were put in Black Engineering building. Second method involved
announcement about the study to IE 271 class takem.gténe (Co PI). Students in his class
were given the option of taking part in the study to obtain extra credits. Taking part in the study,
whether the students finished the study or not, would earn them extra credits which accounted to
3% of their finalgrade in the class. If the students from IE 271 chose not to take part in the
study, they were provided with an alternative homework assignment, which will provide them
with the same credits upon submission. An informed consent form template was olvtamed f
lowa State University website and filled auth all the details as required by the Internal
Review Board (IRB). The consent forlARPENDIX B) was provided to each participant prior
to taking part in the study. The participants were asked to readchaedstand the consent form
and sign upon agreement of conditions of the study. If anyone had any concerns, they were
allowed to withdraw at any point of time.
The exclusion criteria followed for participant selection is that anyone under 18 years bkl had
excluded because the volunteers at the food hub are all above 18 and that had to be the
population group that will be included in the studifie participars®1D will be checkedefore
the recording. Individuals must be over 105 pounds and not usetgpheemaker or an

automatic defibrillator. This is because the task does involve lifting of objects around 5 pounds.
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Materials
In order to replicate the activities in a food hub, the most appropriate method was to create a
smaltscale food hub facilityn the lab at lowa State University with an appropriate scale down
of different materials there. In the scaled down version of the food hub, there will be two shelves
for dry goods, one closed shelf acting as a refrigerator for the refrigerated good$o3adb c
plastic shelves, one acting as a refrigerator and one acting as a freezer for frozen goods. The rest
of the food hub operation was simulated using the various customer, producer lists used by the
volunteers to stack and pack the food items, thregevduiards, 2 tables to collect the items
bought it by the Cd°l. The fake food items used will be 65 refrigerated goods, 104-dleas

and 29 frozen goods.
Variables

Table 1: List of independent and dependent variables

Independent Variables Dependent Variables Units
Process Improvement Time taken to stack all the products seconds
Training Time taken to pack all the products seconds

Total number of errors in items stacked No unit

Total number of errors in items packed| No unit

Team Interaction score No unit
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Data Collection

This section will describe the methods used for measuring each of therabotiened

dependent variable. The time taken to complete stacking the products will be noted and the time
taken for the participants to pack the goods belinoted by the PIl. The accuracy with which the
products are stacked and packed into the boxes will be calculated based on the number of errors
made per group. The Pl and the-Blowill check the shelves, refrigerators and freezers once they
are packed ahalso check the individual boxes packed to see if all the items in the customer
invoice is packed into the boxes. The data between the control groups &nedtrimenigroups
will then be compared to see the effect training and the other changes hageoparational

efficiency both time wise and error rate wise.

Experimental Design

The experimental design is a full factorial based design with 2 levels of Training and 2 levels of
Process improvement (With and without). Thus the independent variabldg istudy is
Training and Process |I mprovement . The depende
used to access the operational efficiency of a food hub are, time taken to stack (TS), time taken
to pack (TP), number of errors during stacking (ESmber of errors during packing (TP) and
team interaction score (TI). Thus based on the full factorial desigeatnengroups are tested

in this study. Theéreatmengroups being;

TreatmentGroup 1 (T1):This is the control group, where the particigaate doing

exactly what is done in the food hub at the moment. Thus, this acts as a baseline group. This
group did the study without any process improvement or training. There were five teams of

three members each as parfoéatmenGroup 1.
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TreatmentGroup 2 (T2) This is the group where the participants were given both
training and they did the study in an improved process. There were five groups of three
members each were partTaeatmeniGroup 2.

TreatmentGroup 3 (T3) This is the group where thgarticipants did the task with the
process improvement but without any training. Five groups of three member each were part of
TreatmenGroup 3.

TreatmeniGroup 4 (T4) This is the group where the participants did the task in the old
setting, without anyprocess improvement but were given training. Five groups of three

member each were part dfeatmentGroup 4.

Table 2 TreatmentGroups and their respective conditions

TreatmenGroup | TreatmenGroup | TreatmentGroup | TreatmenGroup
1 2 3 4

Condition | Notraining + No | Training + No Training + Training + No
Process Process Process Process
improvement improvement improvement improvement

Experimental Procedure
The study started with the participants signing the Informed consent form, filling out a
discomfot survey and given an overall idea about the food hub, the research motivation and the
work done by the volunteers at the food hub. Participants in T2 and T4 were given training on
what exactly needed to be done. The Pl and th@IGmave a demo on whatets to be done as
part of training. The participants in these groups were also given standard work procedure which

clearly gave instructions per participant as shawRigures 14, 1516, 17 andl8. Verbal
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instructions were given to participants in aktgroups since that is the way it is currently done

in food hubs and the participants were asked to let the Pl know in case they had any questions
regarding the process. The number of producers to be used in the study was determined based on
the observatinal data collected prior to the study. The number thus determined for a scaled

down study was eight. The number of goods per producer was determined based on the

observational data done prior to the study too.

Figurel4: SOP for chechk Figurel5: SOP for setting up dry good
shelves



