2024

‘ Research  Datg Models
N\ 4

é:: r?‘IryntiltCS Robert Pilgrim
rpilgrim@uark.edu

Check out my blog — Connect with me m

Robert Pilgrim, Research Summit 2024, Data Models 1


https://researchanalytics.substack.com/
https://www.linkedin.com/in/robert-pilgrim-2181a213/

DataModels

The Foundation of any Lean Team'® 1}

""""



Who am |

i Robert Pilgrim, rpilgrim@uark.edu

‘ Associate Director of Data Strategy & Insights

Division of Research & Innovation, University of Arkansas
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Overview

* What is a Data Model (DM)

m * Benefits of Using a DM

4 I ) * Focus on Sponsored Research related data
* Campus Strategic Model

* Cross-Data calculations
« DAX (Data Analysis Expressions) Language

* Pivot Tables
* Building with your Data Model




What is a Data Model?

* Blueprint of how data is “Connected”

 Easy Cross-Data source calculations

* Specialized Functions

e Data Models are accessed
via Pivot Tables

* Multiple report creators
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What is Special about a Data Model

e Dedicated functions for cross-data calculations

* Single platform for start to finish reporting and analytics
* Load & Transform data
* Create and deploy Data Model

* Handle security and permissions (including row level security)
* Publish Reports

* External embedding options

* Report creations via Pivot Tables

Robert Pilgrim, Research Summit 2024, Data Models



Typical “Problematic” Workflow

® Request: We need by Fiscal Year:
IIq-].- Award $, Proposal Success Rates, Proposal Counts, Total unique PI’s

1 ) 3 5
Raw Data ' 4 Count Count
Code Calculations Proposals Proposals pct
Merge FY ./Amount Award PI Funded Funded
Awards Data —000 2024 §249,724,815 652 212 18.7%
—0—00—\ 2023 $447,368,567 965 788 36.2%
2022 $437,849,800 946 953 44.6%
2021 $317,595,905 933 839 38.0%
Proposal Data 2020 $254,922,705 919 852  389%
2019 $276,673,478 848 748 38.9%
2018 §204,752,204 824 681 35.8%
I Grand Total  $2,188,887,474 2,254 5,073  37.1%
Merging Mission
Vlookups Complete
SQL, R, SAS

Robert Pilgrim, Research Summit 2024, Data Models 8



More Realistic Example

Initial Request | Campus
o Award $

) Proposal Success Rates,
lr I Proposal Counts,

Total unique PI’s
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More Realistic Example

Initial Request | Campus
® Award $

) Proposal Success Rates,
lI I Proposal Counts,

Total unique PI’s

%o
PN
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More Realistic Example

Initial Request | Campus
® Award $

) Proposal Success Rates,
'I I Proposal Counts,

Total unique PI’s

©o90eo
N

Remove People

Can you send the merged data
to X so they can build some

By College reports

Exclude Sponsors

My calculations don’t match
yours?

Robert Pilgrim, Research Summit 2024, Data Models 11



More Realistic Example °® e
Initial Request | Campus ﬁ

® Award $
) Proposal Success Rates,
l: Proposal Counts, Faculty Level
Total unique PI’s

Canyou send the merged data

to X so they can build some

By College
We printed your report a y g reports

month ago, but the numbers

don’t match, what changed? N\
Q
0-0

Remove People

E How do Tenure Track vs

Tenured faculty metrics
compare?

Exclude Sponsors Y

My calculations don’t match
yours?

Where is the most recent
version of the data?

Canyou put this into a line

chart and do some trend
analysis Robert Pilgrim, Research Summit 2024, Data Models 12



Multiple Code

Initial Request | Campus
[ ) Award $
) Proposal Success Rates,
lI Proposal Counts, Faculty Level
Total unique PI’s

Can you send the merged data
to X so they can build some

By College reports

We printed your report a
months ago but the numbers
don’t match, what changed?

E How do Tenure Track vs

Tenured faculty metrics
compare?

Exclude Sponsors Y

My calculations don’t match
yours?

0-6

Remove People

Where is the most recent

version of the data? o .
Canyou put this into a line

chart and do some trend
analysis Robert Pilgrim, Research Summit 2024, Data Models




Where is Most of the Time Spent ?

Initial Request
o Award $

'I ) Proposal Success Rates,

Proposal Counts,
Total unique PI’s

Making the Metrics 99% Effort

1% Effort
(Once initial calculations
created)

Robert Pilgrim, Research Summit 2024, Data Models

Making the Reports | —

We printed your report a months ago
but the numbers don’t match, what
changed?

We need this at the faculty level

College Y have made some calculations
that do not match yours, can you help
them

Make this for each
College

ENGR want these people removed as
they left

Canyou send the merged datato X so
they can build some reports

How do Tenure Track vs Tenured faculty
metrics compare?

Where is the most recent version of the
data?

Don’tinclude this expense category for
unit Xand Y

Can you put this into a line chart and do

some trend analysis
14



Workflow Paths

Reporting

Data Model
Raw Data Code Calculations
o001 Merge :;M
Awards Data - 00— o
FLIFF
—0—H0— 2031
Proposal Data - et -
— 207149
2018
Grand Total

- Amount Award
$249 724 815
$447,368,567
5437 849 800
$317 595,905
5254,922,705
5276,673,478
S204 752,204

52,188,887 474

Count Count
Proposals Proposals pet

Pl Funded Funded
652 212 18.7%
065 788 36.2%
Ui Us4 44 6%
933 239 38.0%
919 852 38.9%
8343 fa8 18.9%
824 681 15.8%

2,254 5,073 37.1%

Robert Pilgrim, Research Summit 2024, Data Models
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Separate Reporting from Data Model

Data quel / Reporting

e Distribute

2 B
¥ . =
< i - |
-3 T -3
3 J&ﬂ E
I k
<l o] 3¢
> ‘I; . T ‘i!
il :l P{'-' '“'_ Expenditures = g Expenditures by Year and Fed/Non-Fed
E .i: 313_1;3 : c180am $1841M  Fed/Non-Fed © Federal ®Nonfederal
b ;;I? o S 4 3 $175.5M s1755m  $1802M $184.1M
- l-! n - 5 é . $157.8M $165.9M $164.4M
A ] Fr- I £ GT 5 : $145.0M
3 € 5 t E; 1 :
£ e H $119.8M
+ K i
a E i ES - X c 1} i SRS $118.4M $1159M
0 & 3 q J C T o $164.4M ulnil]
t ¢ = € e
e E 2 K I:" %{ e«
= £ o i y -
- d e C v B8 =
,‘.:. 3 ¥ B ' n $145.0M
L P - # < 2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
£ § $€ 1§ :
- b . _ X
5 134 .
¥ X o
B k E Fed/Non-Fed 2016 2017 2018 2019 2020 2021 2022 Total
5 ) ) 1
%i "‘: rft,, E | Federal $40,642,000  $46,490,000  $52,937,000 $50,875000 $47,454000  $48534,000  $64,252,000 $351,184,000
= B 3 - ; Nonfederal $104,378,000 $111,301,000 $122,561,000 $129,350,000 $118433,000 $115909,000 $119,628,000 $821,760,000

Total $145,020,000 $157,791,000 $175,498,000 $180,225,000 $165,887,000 $164,443,000 $184,080,000 $1,172,944,000
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Pivot Tables are the Foundation of Data Models

 Data Models are “Accessed” by Pivot Tables

Pivot Tables

Data Model

Robert Pilgrim, Research Summit 2024, Data Models 17



Sponsored
Research Data
Models

Awards and Proposals
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Research Awards

Award Number
Fiscal Year
Award Title
Award PI
Award Investigator
Award Investigator Role
Award Date
Award Investigator College
Award Sponsor
Award Sponsor Type
Award Sponsor Type Group

Award Amount

Data Models=Connections NOT Merging

Research Proposals

Proposal Number
Fiscal Year
Proposal Title
Proposal PI
Proposal Investigator
Proposal Investigator Role
Proposal Date
Proposal Investigator College
Proposal Sponsor
Proposal Sponsor Type
Proposal Sponsor Type Group
Proposal Amount

Proposal Status

Robert Pilgrim, Research Summit 2024, Data Models




“Connect” Data

/ Research Awards\

Award Number

ﬁesearch Proposalsx

Proposal Number

,‘ FiscalYear‘ —

Fiscal Year Fiscal Year
Award Title ‘ Investigator ‘ Proposal Title
Award PI - — *» Proposal Pl
Award Investigator ‘ SpOﬂSOI’ ‘ Proposal Investigator

Award Investigator Role Proposal Investigator Role

Award Date - ‘ Co[[ege ‘ — Proposal Date
Proposal Investigator College

Award Investigator College

Award S Proposal Sponsor
ward Sponsor
A ds T Proposal Sponsor Type

war onsor Type
" " Proposal Sponsor Type Group

Award Sponsor Type Group

k Award Amount /

Proposal Amount

k Proposal Status /

Robert Pilgrim, Research Summit 2024, Data Models 20




Excel
Data
Model

‘ﬁ gs u “  ¢* s PowerPivot for Excel - Excel Data Modelxlsx

Home Design

Advanced

o, |G paste Append [B. [1

&

A Paste Replace

Connections v v

Paste _ From  From Data From Other
E[E Copy Database © Service
Clipboard Get External Data
71 Proposals

[ Fiscal Year

M Home College

{7 Proposal Number

[ Strategic Intiative

[ Proposal Title

m Pl

M PIID

[ Investigator

M Investigator ID

M Direct Sponsor

[ Direct Sponsor Group

T Direct Sponsor Type

] Onginating Sponsor Type
M Originating Sponsor Group
M Originating Sponsor

1 Proposal Status

1 Calendar /Y

M Role

M _Proposal Total

1 Home Unit

Ifa Count Proposals

I Count Proposals Funded
If2 Proposal Amount

If2 pet Funded

I Count Proposals Pl

*

E

Data Type :

& lig

Format :

Existing Refresh  PivotTable

~1

Q_n_‘l

$-% »

Zv

.:‘. L4

2.0 .00
.00 .0

Formatting

M Fiscal Year

M FY

1 List Sponsors
@ Onginating Sponsor
] Onginating Sponsor Group
1 Originating Sponsor Type

M List Investigators
[ Investigator ID
i1 Investigator
M Home College
f1 Home Unit

SortAtoZ W M

SortZto A 9( ' 'LT

Clear All Sort by Find

% ClearSort  Filters Column

Sort and Filter Find

H > AutoSum

\2| Create KPI

Calculations

= Awards

1 Award Number

I Fiscal Year

™ Award Title

/| Pl

£ Investigator

M Home College

=1 Home Unit

& PIID

M Investigator ID

£ Direct Sponsor

T Direct Sponsor Group
M Direct Sponsor Type
£ Strategic Initiative

™ Role

B _sum

7 Originating Sponsor
£ Originating Sponsor Group
£ Onginating Sponsor Type
1 sponsorisinAwardData
If@ Count Awards

If2 Count Award Pl

Ifa Count Sponsor Direct
I Amount Award

21




F OLEWLAN LA WL § PSS

Fiscal Year

Excel Data Model mFscalYear o pvard e

1 ™M FY 1— = P
= Investgator
T Home College
=1 Home Unit
ut  Formula: Data Review ¥ = PIID
B = Inveshgator ID
S = List Sponsors = Direct Sponsor
] Onginating Sponsor . 1 Direct Sponsor Group
™ Originating Sponsor Group | —r:: .| [ Direct Sponsor Type
ri Manage Data Model =1 Onginating Sponsor Type - =1 Strategic Iniiative
. Role
e 1S = sum
= Onginating Sponsor
A = Onginating Sponsor Group
™ Onginating Sponsor Type
Drag Connecting Variables ™ List Investigators ™ sponsorisinAwardData
onto Matching variables in &) Investigator 1D ¥ Count Awarcs
: M Investigator - {2 Count Award Pl |
[ Home College /2 Count Sponsor Direct
1 Home Unit /3 Amount Award
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Data

Model
Calculations

|
Custom Built Fra%tk s'fo
\
: 1 | U
. ' 1l




Hello World | DAX Language ]

™ Fiscal Year

Data Analysis Expressions (DAX) = Award Title
™ PI
Investigator

Calculation Home College

Name Table ™ Home Unit
= PIID
Investgator 1D

Count Awards:=DISTINCTCOUNT(Awards[Award Number]) = Direct Sponsor

Direct Sponsor Group

Direct Sponsor Type

Variable ™ Strategic Initiative
Function ™ Role

_sum
Onginating Sponsor
Onginating Sponsor Group
Onginating Sponsor Type

= sponsorisinAwardData

/3 Count Awards

12 Count Award Pl

/3 Count Sponsor Direct
Robert Pilgrim, Research Summit 2024, Data Models fa Amount AW’HI?d



Base DAX Calculations

s N
Research Count Awards:=DISTINCTCOUNT(Awards[Award Number])
Awards Amount Award:=SUM([_sum])
\ Y,
4 _ )
Count PI=DISTINCTCOUNT (Proposals|[PI])
[ Research ] Count Proposals:=DISTINCTCOUNT(Proposals[Proposal Number])
Proposals a
Count Proposals Funded:=
\_ Cﬂ'_CULATE([Count Proposals],Proposals[Proposal Status]="Funded") )
— \ ' J
Modifier Filter for “Funded” then do [Count Proposals]
4 )
[ Campus ] Research Area:=SUM([sqft])
Infrastructure
\. J
4 A

Expenditures

\ J
Robert Pilgrim, Research Summit 2024, Data Models

[ Research ] Research Exp.:=SUM([exp])




CrOS- Data 1. Exp per sqft of Research Space
Calculations [Research Exp.] / [Research Areal]

e [Count Awards] 2. Proposal Success Rate

+ [Count Proposals] [Count Proposals Funded]/ [Count Proposals]

» [Count PI]
_ ] 3. Avg Exp per PI
* [Count Proposals Funded] | |research Exp.)/ [Count PI]

* [Research Area]

* [Research Exp.] 4. Avg Proposal Submission Rate per Pl

[Count Proposals]/ [Count PI]

Robert Pilgrim, Research Summit 2024, Data Models 26



Next : Pivot Table Concept




The Concept of
a Pivot Table

Foundation Element of All Data Models (Excel, Tableau, Pa

Robert Pilgrim, Research Sumimiti2ess



add to report:
Y Filters

Pivot Tables 101

Row Labels | Sum of _sum Avard Title
2024 S250,351,073 "

Investigator

2023 S447,608,567 Home College

Home Unit

2022 $438,148,800 D
2021 S3 17’595’905 Investigator 1D

Direct Sponsor

2020 S255’016’878 D?rect Sponsor Group

20 19 S276, 84 1, 837 Strategic Initiative
20138 $205,866,572 o

_sum

G ra nd TOta l Szr 19 1’429’632 Originating Spwnsor

Originating Sponsor L. 2 Values

Award Number

Fiscal Year

Il Columns

Originating Sponsor T... Sum of _sum

sponsorlsinAwardData

Aggregation Calculations e.g. SUM

Robert Pilgrim, Research Summit 2024, Data Models

More Tables...




Another Example

to add to p ~

report: Y Filters
Amount FY A _
Row Labels . 2018 2019 2020 2021 2022 2023 2024 5
Federal $129,747,247 $168,849,582 $168,628,495 $185,016,861 $240,779,271 $234,973,857 $187,803,835 Award Number
Industry $9,784,598 $14,034,896 $10,786,063 $17,705,443 $15,234,564 $13,134,975 $12,038,421 ;W']‘;ﬂ
Local $408,227 $2,452,851  $893,071 $2,226,083  $1,247,705 $951,527  $1,124,924 .
Nonprofit $31,507,772 $34,066,601 $30,065,738 $47,254,318 $72,301,634| $82,726,153| $33,528,045 Investigator . Columns
Other $2,779,888 $15,547,529  $3,322,385  $1,545,615 $2,095,160 $1,357,304 $553,136 :E"t’ Lol
State $30,524,472 $41,722,019 $41,226,953 $63,847,585 $106,191,466 $114,224,751 $14,676,454 oD
Grand Total  $204,752,204 $276,673,478 $254,922,705 $317,595,905 $437,849,800 $447,368,567 $249,724,815 Investigator ID

Direct Sponsor

Direct Sponsor Gr...
= Rows
Direct Sponsor Ty...

Strategic Initiative Originating Sponsor Grou
Role
_sum
Originating Spons...
Originating Spon...

QOriginating Spons...
; £ 2 Values

sponsorlsinAward...

Amount
More Tables...

Robert Pilgrim, Research Summit 2024, Data Models 30



Behind the Scene Calculations

Amount FY 1

Row Labels . 2018 2019 2020 2021 2022 2023 2024
Federal $129,747,247 $168,849,582 $168,628,495 $185,016,861 $240,779,271 $234,973,857 $187,803,835
Industry 59,784,598 $14,034,896 510,786,063 $17,705,443 S$15,234,564 $13,134,975 |$12,038,421
| ocal S408,227  $2.452 851 $893.071  $2.226,083  $1,247,7 5957, 81,124,924
Nonprofit $31,507,772 534,066,601 $30,065,738 S$47,254,318 $72,301, $82,726,153| 13,528,045
Other 52,779,888 $15,547,529 $3,322,385 S1,545,615 52,005, 1 $1,357,304'

State $30,524,472 S41,722,019 $41,226,953 $63,847,585 $106,191,466 $114,224,751 |S14,676,454
Grand Total $204,752,204 $276,673,478 $254,922,705 $317,595,905 $437,849,800 $447,368,567 $249,724,815

FY=2023 AND Sponsor Group=“Nonprofit”

Robert Pilgrim, Research Summit 2024, Data Models 31



Drum Roll




Final Data Model | Build Some Reports

Proposals

-

[Count Proposals]

K[Count PI]

~

[Count Proposals Funded]

/

Awards

-

[Count Awards]

\_

~

J

Year

College

Cross Data Calculations

Research
Expenditures

4 N

[Research Exp.]

Proposal Success Rate

Exp per sqgft of Research Space

Avg Exp per Pl

Avg Proposal Submission Rate per Pl

Robert Pilgrim, Research Summit 2024, Data Models

N /
Research Space
4 )

[Research Area]
- /

33




Q1: Count Award and Count Proposals by
[Count Proposals] College for Fiscal Year 2022

[Count Proposals Funded]
[Count PI]

[Count Awards]

[Research Exp.]

Il Columns

[Research Area]

Cross Data Calculations

Proposal Success Rate

Exp per sqft of Research Space

Avg Exp per Pl

Avg Proposal Submission Rate per Pl

34
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Q1: Count Award and Count Proposals by
College for Fiscal Year 2022
[Count Proposals Funded]

[Count PI]

Year

[Research Exp.]

Il Columns

[Research Area]

Cross Data Calculations

= Rows

College

Proposal Success Rate

Exp per sqft of Research Space

Avg Exp per Pl

Avg Proposal Submission Rate per Pl

35
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Q2: Count Award and Count Proposals by College for

[Count Proposals] ALL Fiscal Years

[Count Proposals Funded]
[Count PI]

[Count Awards]

[Research Exp.]

Il Columns

[Research Area]

Cross Data Calculations

Proposal Success Rate

Exp per sqft of Research Space

Avg Exp per Pl

Avg Proposal Submission Rate per Pl

36
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Q2: Count Award and Count Proposals by College for
ALL Fiscal Years

[Count Proposals Funded]
[Count PI]

[Research Exp.]

[Research Area]

Cross Data Calculations

Proposal Success Rate

Exp per sqft of Research Space

Avg Exp per Pl

Avg Proposal Submission Rate per Pl

37
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Q3: avg Proposal Submission Rate for ENGR Units in 2022
[Count Proposals] AND Exp per sgft Research Space
[Count Proposals Funded]

[Count PI]

[Count Awards]
[Research Exp.]

Il Columns

[Research Area]

Cross Data Calculations

Proposal Success Rate

Exp per sqft of Research Space

Avg Exp per Pl

Avg Proposal Submission Rate per Pl

Robert Pilgrim, Research Summit 2024, Data Models




Q3: avg Proposal Submission Rate for ENGR Units in 2022

[Count Proposals] AND Exp per sqgft Research Space
[Count Proposals Funded]
[Count PI]
College
[Count Awards]

[Research Exp.]

[Research Area]

Cross Data Calculations

Proposal Success Rate

Avg Exp per Pl

Avg Proposal Submission Rate per Pl

o
@
“»

Exp per sgft of Research Space

Robert Pilgrim, Research Summit 2024, Data Models 39



Cologe

Q4: By Plin ENGR avg Proposal Submission Rate
[Count Proposals] AND Exp per sqgft Research Space, all years

[Count Proposals Funded]
[Count PI]

[Count Awards]

[Research Exp.]

Il Columns

[Research Area]

Cross Data Calculations

Proposal Success Rate

Exp per sgft of Research Space

Avg Exp per Pl

Avg Proposal Submission Rate per PI

Robert Pilgrim, Research Summit 2024, Data Models 40




[Count Proposals]

[Count Proposals Funded]
[Count PI]

[Count Awards]

[Research Exp.]

[Research Area]

Cross Data Calculations

Q4: By Plin ENGR avg Proposal Submission Rate
AND Exp per sqft Research Space, all years

Proposal Success Rate

Avg Exp per Pl

Robert Pilgrim, Researc

N

College

Il Columns

Year

Rows

Avg Proposal Submission Rate per Pl

Exp per sgft of Research Space

41



All Metrics by Unit and Year

X
o
2

Aggregation

[Count Proposals]

[Count Proposals Funded]
[Count PI]

[Count Awards]

[Research Exp.]

[Research Area]

~

Proposal Success Rate

Avg Exp per Pl

PI

Avg Proposal Submission Rate per

\ Exp per sqft of Research Space

L/

Robert Pilgrim, Research Summit 2024, Data Models
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Typical University Data Model (Research Focused)

/ Research \ / Research \ / Research \

Awards Proposals Development Startup $

| \f '2 - |
! \_ Y, \_ ) / Teaching \
/ Employee \ I I I I I

Rosters ./~ Research (~ Campus 7\ Faculty  \/ Research

Expenditures Infrastructure Publications Equipment

>> i
LaSt Sllde Robert Pilgrim, Research Summit 2024, Data Models 43



Get that promotion and live happily ever after

Your Analytics Journey

NP
4
I
I
[
P 4

.--. Build Deploy & Share
.---. Reports =
*
_____________________________________________________________________ N
I
g Connect So

Data \\ Cross-Data

Data Model N : Together ——_____' Calculations

Validation &
Get the Transform
data
Asses your
Data
Landscape
ﬁﬂ. You are here Data Mountain 44
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él:‘r?‘%ti'tcs Robert Pilgrim
rpilgrim@uark.edu

AR Research Data Models

Check out my blog — Connect with me m
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