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Scan Tool Data Analysis: 
How to Maximize Your Scan Tools 
Abilities for Drivability Diagnostics 



Scan Tools have come a long way!!



Snap on Zeus



Some Scan Tool Features:
• Scan Tools are one of the best diagnostic weapons 

in your arsenal!
• They allow one to glean the most amount of 

information with least amount of effort!
• They allow us to retrieve, review and store:
1. Codes, Freeze Frames, Failure Records and 

Snapshots
2. Calibration and Mode 6 Data (some vehicles)
3. Data PIDS and Bidirectional Control, System Tests.
4. Networks tests and Topology
5. Allow us make movies and graph scan data!!



The  Diagnostic Process

• The diagnostic process should start by asking the questions:  who, 
what, where, when and how?  
• Our job is to figure out….Why.
• Modern automotive systems are complex and require a logical or 

deductive path to diagnose.
• You need a sound game plan to guide you!



Game Plan
• The key to resolving any problem is having a game plan 

ready and established. 
• Get as much info as possible with the least amount of effort. 
• Make your strategy repeatable on the majority of the 

vehicles you service.

“If you fail to plan, you are planning to fail!”
― Benjamin Franklin



1. Verify the complaint or conditions
2. Understand System
       - Research: Description and Operation
                            Wiring Diagrams
                            Flowcharts and any code criteria
                            TSBs and Pattern Failures
3.    Diagnostic Starting Point
      -Check base electrical system
                            Battery load test and SOC
                            Connections
       Scan Tool- (preferable one that graphs)
        -  Is communication possible?
        -  Codes- Status: Current, History, Pending or 1 Trip?
        -  FF’s and Monitors   
        -  Check Calibration IDs and Mode 6 info (if applicable)
        -  Look at data PIDs before Starting
        -  Set up and be prepared to make snapshot or movie             



1999 Jeep Grand Cherokee 
4.7 L

Surges/dies @ idle
No MIL





In the bay idling in park



Not touching the accelerator.



5 volt reference

Ground

TPS signal





So what did we just do?

• Phase I
• Verify Complaint
• Gather scan data/info
• Analyze available info to narrow down potential faults

• Phase II
• Perform testing to backup conclusions from Phase I
• Come to a concrete conclusion of actual fault

• Today we will concentrate on Phase I



Which is the Most Powerful Diagnostic Tool in 
Your Toolbox?



YOU are the most powerful tool!!



Ideas

• Gather as much scan data as possible early in the diagnosis
• Use your mind to eliminate potential causes of failure
• Avoid potentially time consuming tests that may be unnecessary to 

diagnose the actual fault
• Do as much of this as possible before popping the hood and getting 

dirty





How do we do this?

• Have a plan of attack
• Look at the big picture
• then you can see the small one

• I know it is cliché, but “Work Smarter Not Harder.”



la-zy

adjective

unwilling to work or 
use energy.

ef-fi-cient

adjective

achieving maximum productivity 
with minimum wasted effort or 

expense.

Lazy Efficient



How do we accomplish PHASE I?

• Verify the customer complaint
• Test drive
• Hook up a scan tool code or not

• Be aware of the tools you are using and the vehicles 
you are working on



Scan Tool Data Analysis
• Lean Codes
• Scan Tool?
•  A logical Approach

• Misfire Analysis
• Scan Tool?
• A Logical Approach

• Low Power
• Scan Tool?
• A Logical Approach



Engine

MAF

Exhaust

Vacuum Leak

Vacuum Leak

• Air that enters the engine that 
the MAF cannot measure
• The leak is greater percentage 

of air flow at idle
• The leak is on the intake side of 

the throttle blade 



Engine

MAF

Exhaust

Vacuum Leak

Vacuum Leak

• As the throttle blade opens the 
measurement error decreases
• The leak is now the smaller 

percentage of the total air mass 
entering the engine



False/Pirate Air

False/Pirate Air

• Air that enters the engine that is 
not measured but is not a vacuum 
leak
•Measurement error at idle can be 

great 
Engine

MAF

Exhaust



False/Pirate Air

False/Pirate Air

•  When the throttle blade open the 
measurement error may or may 
not diminish
• This can really mimic a failed MAF 

sensor
Engine

MAF

Exhaust



Filter
Disruption in Airflow

•  Normal airflow should flow in 
parallel layers.  This is referred to 
as laminar flow.

Engine

MAF

Exhaust



Disruption in Airflow

• Any deviation in airflow i.e. poorly 
sealed filter, warped filter housing, 
incorrect or no filter can all affect 
how the MAF sensor measures air 
mass entering the engine

Filter

Engine

MAF

Exhaust



Normal FT Corrections



Diagnosing a Vacuum Leak on a 
MAF System

• Fuel trim can be used to 
diagnose vacuum leaks on a 
mass air system.

• Idle speed drops or the 
engine stalls on a mass air 
system because the fuel 
system is lean.

• At idle FT correction is high 
(+) and decreases as the 
throttle blade opens.



MAF Contamination

• Dirty MAFs tend to overestimate 
air mass @ idle and 
underestimate under load 
(typically)

• FT’s  usually “follow” the throttle 
because of the error in 
estimation

• Cleaning MAFs may give some 
temporary benefit but 
replacement is the real repair.



Restricted Fuel



A/F or O2 Sensor Failure



P0171/P0174
Fuel System Lean Codes



Suggested Technique: Lean Codes

1. Check TSB’s 
2. Record Codes and Freeze Frame Data
3. Verify O2 sensor operation and exhaust integrity
4. Look at live data during a test drive (include a WOT portion)
5. Note following information:

1. Fuel Trim Numbers
2. Load PID and/or VE

6. Choose an area to focus testing efforts (Cheat Sheet)





2001 Chevy Suburban 5.3 L
P0171 and P0174



Initial Checks:

• No TSB’s
• Exhaust integrity verified
• O2 sensors operating correctly





Running – Live Data

28.86% B1

30.42% B2

7.80% B1

5.46% B2









2002 Escape
P0171 and P0174















Other Checks:

• Exhaust integrity and O2 sensor operation verified
• Idle fuel trim numbers are slightly positive and idle quality is good.
• Freeze Frame suggests positive correction off idle.
• These 2 points lead us away from a vacuum leak

• Time to drive the vehicle and make some recordings.













Misfire Analysis

• Misfire occurs when combustion does not happen (or is incomplete)
• Combustion requires 3 things:
• Compression
• Fuel (or correct air to fuel ratio)

• Ignition

• Where do we test first?



Logical Progression

• Things to take into account:
• Pattern failures / TSB’s
• Vehicle history
• Customer description
• Conditions

• Under load
• Humidity
• Ambient temperature
• Engine temperature

• Senses
• Feeling
• Sound



Approaches

1. Scan Tool Analysis – 
Usually quick and clean

2. Mechanical Testing - 
Usually the last step for 
most technicians

The approach you choose will 
depend on each situation. 

(Your choice does not effect your success, 
only the time invested)



Scan Tool Approach

1. Retrieve DTC’s and identify 
cylinder(s) if possible

2. Analyze fuel trim numbers, 
Oxygen sensors, and other 
data to narrow search

3. Perform testing to back up 
theory



The Goal of the Scan Tool Approach: Fuel or 
Ignition?



1996 Chevy T10 Blazer 4.3 L
Runs rough and MIL illuminated









What would you like to 
look at next?









How do misfires equate to trims?

• Bank 2 includes 3 cylinders
• 100% of the air/fuel for bank 2 is divided by 3 cylinders
• That means each cylinder is responsible for ~33% of the air/fuel 

required (per bank)
• Let’s apply this to our case study…



35%



Is this a fuel issue or an 
ignition issue?





What about an ignition misfire?

• If a cylinder misfires because a fuel injector does not open the 
cylinder still pumps Oxygen
• If a cylinder misfires because spark does not happen the cylinder still 

pumps Oxygen
• Shouldn’t the O2 sensor read the same for an ignition misfire as it 

does for a fuel misfire?



Test the Theory:

• Same vehicle
• Fuel injector assembly has been replaced
• Repair verification was performed
• DTC’s were cleared
• An ignition misfire was created for research purposes before 

returning the vehicle to the customer











7%



Trim Chart :
# of injectors per bank

Applies to single cylinder fuel misfire

•2 – 50%
•3 – 33%
•4 – 25%

•5 – 20%
•6 – 17%
•8 – 13%

Caution: The greater the number of misfiring cylinders the less 
accurate this chart is. 



1992 Oldsmobile Cierra 3.3 L
Runs Rough

No MIL (OBD I)









FUEL INTEGRATOR 126 --------- STFT -1.5%
BLOCK LEARN 113 ---------------- LTFT -12%



2002 GMC Yukon 5.3 L
Runs rough / MIL on

P0300
“It ran good yesterday. I let my son borrow it last night. When I tried to 

drive it this morning it barely ran.”











Fuel or
Ignition
Issue?



Why Bank 1?







Let’s talk this one through

• Fuel trim numbers are very positive which suggests a lack of fuel
• Ignition is also not likely because this vehicle is COP
• We also know that 1 injector is not likely to be the only issue…
• But is this still a fuel issue?









What other data can we use 
for misfire diagnosis?

Downstream O2 sensors
Downstream O2 sensors are mainly used for catalyst monitoring and 
minor fuel trim corrections. But that does not mean we can’t observe 

them for diagnostic purposes.









1998 Windstar 3.8 L
Runs Rough

Scan tool: IDS









1999 Taurus 3.0 L
Runs Rough / MIL on

Scan tool: IDS













1999 Windstar 3.8 L
Misfire 

How quick can you pick it out?

Scan tool: EASE
And Mastertech

Global OBD-II





Same Vehicle:

Can we still pick 
out the likely 

cause without 
graphing?



Misfire without codes

• Some manufacturers have misfire counters that will register even if 
the failing threshold of the Misfire monitor has not been exceeded.
• What about Ford?





1999 Ford Taurus 3.0 L
Mode $06 no code misfire

Scan tool: IDS









2006 Ford F150 5.4 L
No MIL, miss sometimes

Scan tool: IDS









No power

• MIL or not, no (or low) power issues can be approached in the same 
manner
• What could cause a low power complaint?
• Bad fuel pump
• Plugged exhaust
• Bad MAF sensor



Volumetric Efficiency
What is it?



Calculators





So… if there are variables… 
why use VE?

• Indication of a problem

• Data to analyze

• Understanding of Load PID

• Repair verification



So how do we test drive?

• WOT run until 1-2 or 2-3 shift

• 3 times

• Pay attention to what you feel..

• Let’s address each of these points individually 



1:  Why wide-open throttle?

...and why the up shift?



TPS

RPM

Down Shift
Elevate Shift



2:  Why 3 times?

• Depending on equipment information could be sketchy
• Scanner refresh rate could yield skewed results
• Averaging 3 runs increases the accuracy of the calculation
• Example…





3:  Pay attention to what you feel

• A secondary ignition misfire may be evident under certain driving 
conditions

• Don’t forget to take the “seat of your pants” information into 
account… but still do the scan tool recording



So what data do we need to calculate VE?

• TPS and current gear are not required
• Displacement
• RPM
• MAF







Now that we know our VE…

• What additional data can we analyze?

• Can it point us in a diagnostic direction?

• How far (and quickly) can we progress in our diagnosis before getting 
our hands dirty?

• We need to know what is good first…



What can we expect from a known good?

• Naturally aspirated engines usually range from about 75% to 85% VE
• Forced induction engines usually exceed 100%
• For our “Red Flag” purposes today, 75% or higher will be considered 

acceptable
• However, when you apply these techniques at your shop, make 

adjustments as you see fit based on your atmospheric conditions, 
calculator choice, and experience.



What can we expect from a known good?

• O2 sensor reports…

• MAP sensor reports…

• How do fuel trims behave?



The O2 sensor

• Normal driving conditions

• WOT

Good Good Rich



O2 sensor



MAP sensor

• Normal driving conditions

• WOT

Good Good Rich
Near
BARO



MAP sensor



Fuel Trims

• Normal driving conditions

• WOT

Good Good Rich
Near
BARO

Good w/o
WOT



Fuel Trims

What happened 
right here?





All of the PID’s we discuss 
pertain to the WOT condition 

except…
Fuel trim numbers need to be observed during normal operating 

conditions.



Now that we know what 
good looks like…

How can we use this information?



The Plan:
4 low power case studies

Let’s look for trends that stand out

RED FLAGS!

Fill out your “Cheat Sheets”



Let’s look at our first 
problem…

1997 Transport 3.4L
Complaint:  sometimes lacks power on harder acceleration.

Today… the vehicle exhibits no driveability complaint.



Fp reg drive





O2 and MAP





Fuel delivery results

• VE relatively unaffected
• 02 sensor reads lean
• MAP sensor reads normal
• STFT and LTFT numbers during closed loop depend on the level of fuel 

delivery deterioration.
• Usually positive to compensate for lean condition



Fuel delivery cheat sheet

Poor fuel
delivery

OK Lean Normal
Positive-

To varying 
degrees



Next complaint…
No power, stumble, and hesitation.

Transport again.

Trust me… this car had NO power!



MAF drive

Notice the extra 
trace?





O2 and MAP



ST trim tracking



Air metering results
• VE poor (Calculation!)
• 02 sensor reads lean
• MAP sensor reads normal
• STFT and LTFT numbers erratic, and often track RPM, 

during closed loop 

Air Metering Poor Lean Normal Erratic



Air metering tip…

• Un-plug MAF and re-test drive

• Do driveability issues go away?

• Works on some vehicles
• Use caution

CAUTION!



Problem child #3…
Compliant:  Car isn’t as “peppy” as it used to be.



Exhaust drive





O2 and MAP



Trims



Restricted exhaust results
• VE poor
• 02 sensor reads rich
• MAP sensor reads normal
• STFT and LTFT tend to go negative
• But not always. Toughest to spot on scantool

Restricted
Exhaust Poor Rich Normal

Trend Negative / 
Less irregular

than Air 
metering 

issue



Example #4…
Compliant:  Absolutely no power.

Our friend John Thornton gave us this example.  

A contractor’s truck that sees a rough life.













Restricted intake results

• VE poor
• 02 sensor reads normal
• MAP sensor ratchets away from barometric pressure
• STFT and LTFT numbers are normal

Restricted
Intake

Poor Rich
Ratchets

away from
BARO

Normal



What next?

• Cheat sheets filled out

• Red Flags in order

• By now, your cheat sheets should look something like this…





Let’s Expand…

• To this point we have only used GM vehicles
• And we have only used the Tech 2
• How about some Ford vehicles
• Scan tool is the IDS
• And we’ll start with a known good



1996 Ford Ranger 2.3 L
Known Good











Here is where knowing how the 
particular vehicle or your equipment 

display the PID.







Is our Cheat Sheet still correct?

• Is VE still the same
• Is O2 still the same
• Is MAP, or Manifold Vacuum, still the same (it may be calculated)
• CLOSED LOOP fuel trims are the same



Ford side bar…

• Ford uses the MAF to determine BARO

• Incorrect BARO is an indication of a VE issue
• Actual or
• Calculated

• Do you know the BARO reading for your altitude?







1999 Ford Windstar 3.8 L

P0171/P0174
VE test drive…

What do you see?













Diagnostic decision?

• BARO indicates a VE issue, physical or calculated
• VE calculation confirms a VE issue
• Again, physical or calculated?

• O2 PID is Lean - cannot be blamed on a fuel delivery issue because of 
poor VE
• MAP?
• Closed loop fuel trim?



Next example…
An Expedition with low power









No Manifold Vacuum PID
Move on to O2 and fuel trim









Diagnostic decision?

• BARO indicates a VE issue, physical or calculated
• VE calculation confirms a VE issue
• Rich O2, poor VE and FRP exclude fuel delivery
• No MAP available…
• Closed loop fuel trim numbers are negative… What do you think?



Where does a VE calculation 
come in next?

Repair verification.



The Load PID…

• Definitions
• Load
• Calculated Load
• Absolute Load
• Where is it derived from?
• Not always, but most are calculated much (or exactly) like VE



Load PID

• Required PID for OBDII
• Defined in SAE J1979
• Redefined more recently so all manufactures would report the PID 

the same
• LOAD_PCT = [current airflow] / [(peak airflow at WOT@STP as 

a function of rpm) * (BARO/29.92) * SQRT(298/(AAT+273))] 



Let’s take a look at Load on our 
previous Ranger example…











Remember our Transport 
with the bad MAF?





VE equates to Load PID

• VE was low 30%

• Load PID says 27%

• Do we need to calculate?



Theory behind the Load PID

• Based on VE
• Know VE and understand the Load PID

• Can be calculated differently by application



How about this one?



Digital?
What Motor?



So, if we have a Load PID, why use VE?

• Understanding of theory

• Differences in manufacturer’s choice of calculation



1999 Honda Odyssey



Speed Density Issues…

• Speed density vehicles may have Load PIDs

• Airflow is calculated not measured
• If a MAF vehicle calculates load incorrectly, which input is incorrect?
• If a MAP vehicle calculates load incorrectly, which input is incorrect?



Let’s apply what we’ve 
learned…



1996 Chevy Lumina 3.1 L
Low Power on acceleration



Initial Checks

• No MIL
• No trouble codes
• Is a VE test drive in order?













Diagnostic Decision:

• How do the results compare to your cheat sheet?
• VE
• O2
• MAP
• Trims

• What’s the problem?
• Replace the fuel pump and perform repair verification.













1998 Chevy T10 Blazer 4.3 L
MIL on

Back to the vehicle we skipped earlier in class.







All three are similar, let’s 
look at the freeze frame







25% Total



2500 RPM

24% Total







75% VE



75% VE



Brake torque 
in Reverse







Analysis so far:

• Not a vacuum leak
• Positive trims in FF, at Idle, and at 2500 rpm
• VE good / Load PID good
• O2 goes lean with WOT
• MAP near BARO
• Fuel trims high under all conditions in closed loop
• Thoughts?



Fuel Pump:

• Fuel pressure tests good
• Fuel volume tests good
• Scope pattern of pump looks good
• What did we miss?



28% Total correction



19% Total correction



25% Total correction





Remember these slides?

25% total trim correction         24% total trim correction

Idle                                2500 rpm



Trim Deviation?

• Total corrections range from 19% to 28%
• Deviation is 9%
• Acceptable variance
• Relatively flat but high
• Does this still look like a Fuel Pump?



2003 Hyundai Santa Fe 3.5 L
No Power











Diagnosis

• VE and Load PID poor
• O2 reads high / Rich
• No MAP
• Fuel Trims normal – acceptable positive level
• Any thoughts?







2002 Saturn L200 3.0 L
No Power









Bad MAF sensor



Repair Verification









2006 Yukon 5.3
Known good with downstream comparison













2002 Blazer 4.3
Low Power











1998 E150 Low power
4.2 Liter Engine

Scan tool: Ease and Mastertech



Shop replaced the following:

• Fuel Pump
• Entire exhaust minus the exhaust manifolds
• Plugs, wires and coil pack
• Swapped a MAF from another known good E150 with no change
• Had an engine ready to go!













Diagnosis

• VE is good
• O2’s go rich
• Fuel trims normal
• BARO hz good
• Many components replaced
• What else could cause low power?



Can you think of a test that would have 
quickly found this??

Answer- Relative Compression with Ignition Sync





1997 Chevy Suburban 5.7 L
Low Power













Trim Skew Bank to Bank

• What could cause this?



MAF

#1

#3

#5

#7

#2

#4

#6

#8

48 gps at 
steady throttle



MAF

6

6

6

6

6

6

6

6

48 gps at 
steady throttle

each cylinder 
pulls 6 gps



MAF

4

4

4

4

6

6

6

6

??? gps at 
steady throttle

Bank #1 exhaust 
restricts



MAF

4

4

4

4

6

6

6

6

40 gps at 
steady throttle

Bank #1 exhaust 
restricts



MAF

4/5

4/5

4/5

4/5

6/5

6/5

6/5

6/5

each cylinder 
= 40/8 = 5 gps 

Bank #1 exhaust 
restricts



MAF

4/5

4/5

4/5

4/5

6/5

6/5

6/5

6/5

Bank 1 Rich 
Bank 2 Lean

Bank #1 exhaust 
restricts



MAF

4/5

4/5

4/5

4/5

6/5

6/5

6/5

6/5

#1 LT neg     
#2 LT pos

Bank #1 exhaust 
restricts



Opposing Fuel Trims Bank to Bank

Generally caused by bank to bank imbalance in airflow.

Causes:
ØRestricted exhaust
ØIncorrect cam timing
ØOne side of the engine wore out
 



Opposing Fuel Trim Tips

ØThe side with the most negative fuel trims is the side that 
has the issue with air flow

ØRestricted exhaust FT are usually good @ idle and opposed 
at higher RPM

ØIncorrect cam timing (bank to bank) FT’s are usually 
opposed at idle and better at higher RPM

ØIncorrect cam timing  (bank to bank) and restricted exhaust 
are usually opposite 



FT Diagnostics Summary

• Using FTs for diagnostics is quick and fairly simple way to get 
diagnostic direction
• System must be a Closed Loop 
• Check FTs @ Idle,  1500 no load and 2500 loaded. 
• Use the snapshot function and record a movie with a 

flatrater test drive
• Calculate VE
• Graphing FTs help to see the bigger “picture”
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