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Ar  th r  hidd n costs as a r sult of adoption 
of fu l-saving t chnologi s? 

• A v riety of fuel-s ving technologies h ve been implemented since 
model ye r 2012 under the EPA light-duty vehicle greenhouse g s 
emissions st nd rds 

• Questions h ve been r ised  bout whether there  re hidden costs 
• E.g., Allcott  nd Greenstone (2012), Gillingh m  nd P lmer (2014) 

• If hidden costs exist, they might contribute to  n expl n tion of the existence 
of the energy-efficiency g p in the light-duty vehicle m rket 

• Hidden costs  re undesir ble imp cts of vehicle oper tion l 
ch r cteristics (Helf nd et  l. 2016), including: 

• Driv bility: Acceler tion, h ndling, ride comfort 

• Noise, vibr tion, fuel economy 
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Pr vious work did not find syst matic  vid nc  of 
hidd n costs associat d with fu l-saving t chnology 

• Empiric l ch llenge: Oper tion l ch r cteristics  re not e sy to 
me sure  nd qu ntify 

• Helf nd et  l. (2016)  nd Hu ng et  l. (2017): 
• Using content  n lysis of online profession l  uto reviews for model ye rs 
2014  nd 2015 vehicles 

• However, profession l  uto reviewers m y not reflect the true experience 
of vehicle consumers 

• This study  ims to fill this g p by using recent consumer survey 
d t  for vehicles 

3 



      
    

    

             

  

           
        

       

      

 

          
        

Consum r satisfaction surv y data for v hicl s 
from Strat gic V rsion (SV) 

• Str tified r ndom s mpling by SV 

- On   model ( nd trim) level to ensure he lthy s mple sizes for e ch model 

• Consumer s tisf ction r ting 

- Respondents r te their experience with the vehicle  nd s tisf ction with   
comprehensive list of vehicle  ttributes, including oper tion l ch r cteristics, 
 fter they own their vehicle for 90-120 d ys 

• Socio-demogr phics 

- E.g., household income, educ tion, gender,  ge, residence 

• Vehicle inform tion 

- Vehicle model, engine displ cement  nd type, number of cylinders, drive 
type, body type, fuel type,  nd tr nsmission type 

4 



       
 

            
          

         
   

             
       

         

            

    

W  match SV’s data with d tail d v hicl  
t chnology data 

• Vehicle inform tion SV provides is used to m tch SV survey d t  with 
more det iled technology d t , which includes   v riety of fuel-s ving 
technologies 

• These vehicle technology d t   re collected from sever l sources, 
including Edmunds, W rdsAuto, fueleconomy.gov 

• Currently,  bout 30 % of observ tions in the origin l SV d t   re not 
 ble to be m tched with the technology d t  

• We  re working with SV to improve our m tching  bility 

• So, results presented here  re   proof of concept r ther th n fin l 
results 

Prelimin ry Results – Subject to Ch nge 5 

http:fueleconomy.gov


          
          

    

    

    

    

    

Match d sampl  is a subsampl  of th  original sampl , but 
th  match is r lativ ly wors  for SUVs, pickups and vans 
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Prelimin ry Results – Subject to Ch nge 6 



         
      

 

 

 

   

   

    

    

  

     

    

     

    

 

    

Both original sampl  and match d sampl  do not r fl ct 
sal s in th  population and subpopulation, r sp ctiv ly 

NISSAN 

Matched Sample 

Original Sample 

7 

• We lost m ny JEEP 
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CHEVROLET observ tions of pickup HONDA 
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Prelimin ry Results – Subject to Ch nge Count 



      

          

         

           

          

    

Simplifying th  rating scal  of consum r satisfaction 

• R ting sc le in the survey d t  for survey ye rs 2015, 2016 

• We resc le the seven-sc le to  n indic tor v ri ble equ l to: 

• 0 (=S tisf ctory) if consumer’s r ting is 4, 5 , 6, or 7 

• 1 (=Uns tisf ctory ) if consumer’s r ting is 1, 2, or 3 

Prelimin ry Results – Subject to Ch nge 8 



        

  

        

     

 

  

 

 

 

  

 

   

  

 

 

 

 

  

     

    

  

 

  

  

P rc ntag  of dissatisfaction with ov rall  xp ri nc  and op rational charact ristics 

Prelimin ry Results – 

Subject to Ch nge 

Origina  Samp e Matched Samp e 

Survey Year 2015 Survey Year 2016 Survey Year 2015 Survey Year 2016 

Experience/Operationa  

Characteristics 
Car 

Light 

Truck 
Car 

Light 

Truck 
Car 

Light 

Truck 
Car 

Light 

Truck 

Overa   Experience 2.5 2.2 2.2 2.8 2.5 2.2 2.3 2.4 

Overa   Driving Performance 1.4 1.1 1.4 1.5 1.5 1.1 1.5 1.4 

Ground Cle r nce 3.5 1.3 4 1.5 3.4 1.2 4.3 1.3 

Riding Comfort 2.5 1.6 2.4 1.9 2.5 1.8 2.4 1.8 

M neuver bility 0.9 1 1.1 1.2 0.9 0.9 1.2 1 

Turning R dius 1.3 1.9 1.3 2.1 1.4 1.5 1.2 1.5 

Ro d Holding Ability 1.3 1 1.4 1.1 1.2 1 1.5 0.9 

H ndling 1.2 0.9 1.2 1 1.1 0.9 1.3 0.9 

Steering Feedb ck 1.3 1.3 1.4 1.3 1.3 1.3 1.5 1.2 

Overa   Power and Pickup 3.9 2.7 3.6 3.3 4 3 3.7 3.3 

Acceler tion from Stop 4.7 3.4 4.6 4.2 4.9 3.6 4.8 4.2 

P ssing C p bility 3.2 2.3 2.9 2.7 3.3 2.7 3.1 2.8 

Engine Perform nce 2.5 2.1 2.5 2.6 2.5 2.3 2.6 2.5 

Overa   Noise/Vibration/Harshness 5 4.5 4.8 4.4 5.1 4.9 4.8 4.5 

Over ll Quietness 5.6 4.8 5.3 4.8 5.6 5.3 5.3 5 

Freedom from Sque ks/R ttles 4.6 4.4 4.2 4.5 4.7 4.3 4.3 4.3 

Freedom from Wind  nd Ro d Noise 6.9 5.5 7.1 6.5 6.9 6 7.1 6.7 

Smothness of Vehicle  t Idle 2.4 2.1 2.2 2.2 2.5 2.3 2.2 2 

Smoothness of Tr nsmission 4 4.1 3.7 4.9 4.2 3.5 3.8 4.1 

Fue  Economy/Mi eage 4.9 10 4.2 9.5 4.9 9.7 4.4 8.9 
9 



       

        

       

            
      

          

        
     

         
      

  

   

 

    

Ov rall, v hicl  own rs ar  highly satisfi d with th ir v hicl  

• Uns tisf ctory r tes using origin l  nd m tched s mples  re simil r 

• Uns tisf ctory r tes of 2015  nd 2016  re simil r 

• For most of oper tion l ch r cteristics, less th n 3% of either c r or 
light truck owners g ve  n uns tisf ctory r ting 

• Uns tisf ctory r tes of noise  nd vibr tion  re higher but below 8% 
• Light truck owners h ve signific ntly higher uns tisf ctory r tes 
reg rding fuel economy th n c r owners 

• Using m tched s mple, this prelimin ry  n lysis focuses on over ll 
experience  nd four oper tion l ch r cteristics: 

• Over ll driving perform nce 

• Over ll power  nd pickup 
• Over ll/noise/vibr tion/h rshness 
• Fuel economy/mile ge 

Prelimin ry Results – Subject to Ch nge 10 
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P rc ntag  of adoption of fu l-saving t chnology in th  match d 
sampl  is roughly similar to actual adoption shar  

Matched Samp e 
EPA’s Fue  Economy 

Trends Report 

Fue  Saving Techno ogy 
Survey Year 

2015 

Survey Year 

2016 
Combined 

Mode  Year 

2015 

Mode  Year 

2016 

Continuously V ri ble Tr nsmission (CVT) 24.2 23.9 24 23.7 22.8 

Cooled Exh ust G s Recircul tion (Cooled EGR) 8.5 7.9 8.3 - -

Cylinder De ctiv tion 6 7.5 6.8 10.6 10.5 

Du l Clutch Tr nsmission (DCT) 2 2.3 2.2 > 1.4 > 2.6 

Diesel 1.2 0.6 0.9 0.9 0.5 

Electric Vehicle (EV) 0.7 0.7 0.7 0.5 0.5 

Hybrid Electric Vehicle (HEV) 3.1 2.7 2.9 2.4 1.8 

High Ge r Tr nsmission (>=7) 17.5 20.5 19 16.1 18.3 

Plug-in Hybrid Electric Vehicle (PHEV) 0.4 0.4 0.4 0.3 0.3 

Stop-St rt 10.1 11.9 10.9 5.6 10.4 

Turboch rged 14.8 20.2 17.4 12.6 15.2 

V ri ble V lve Lift 21.8 19.8 20.9 - -

V ri ble V lve Timing 97.6 98.4 98 96.7 96.9 

Prelimin ry Results – Subject to Ch nge 11 



       

      

     

     

           
        

 

  

    

    

    

    

   

    

   

    

  

  

    

  

   

   

If th r  ar  hidd n costs associat d with fu l saving t chnology, v hicl  

• Even vehicle owners m y 

not know whether some 

technologies  re in their 

vehicle. For ex mple, we 

found some owners 

mist kenly report there is 

stop-st rt in their vehicle 

• A simple comp rison of 

diss tisf ction with 

oper tion l ch r cteristics 

over the presence of stop-

st rt suggests hidden 

costs  ssoci ted with 

stop-st rt m y not exist 

12 

0 2 4 6 8 
Percent of Dissatisfaction with Overall Power and Pickup 

0 2 4 6 8 
Percent of Dissatisfaction with Overall Driving Performance 

0 2 4 6 8 
Percent of Dissatisfaction with Overall Noise/Vibration/Harshness 

0 2 4 6 8 
Percent of Dissatisfaction with Fuel Economy/Mileage 

own rs would not b  satisfi d with v hicl  op rational charact ristics 

Prelimin ry Results 

– Subject to Ch nge 



         
     

     

     

     

  

     

    

   

  

   

   

   

   

 

 

 

 

 

 
 

 

 

 

      

    

A simpl  comparison without controlling for any factors r lat d to 
t chnology adoption and dissatisfaction with ov rall  xp ri nc  
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• Only very sm ll percent ge of 

vehicle owners is not s tisfied 

• It  ppe rs th t percent ge of 
diss tisf ction decre ses 

subst nti lly in the presence of 

CVT, EV, HEV,  nd PHEV 

• Diss tisf ction incre ses for 

DCT  nd diesel 

• The rel tionship between 
diss tisf ction  nd fuel-s ving 

technology c nnot be identified 

without controlling for 

confounding f ctors Absence of the technology Presence of the technology 

13 Prelimin ry Results – Subject to Ch nge 



       
    

	


  

           

	
           
   

           
  

        
        

            
          

  

    

� �������� ���� �,,� 
= ��� 

� 

� 
1 �������� ������,�,� + ���� !  ���� +

Lin ar probability r gr ssion mod l to  xplor  th  r lationship 
b tw  n dissatisfaction and fu l-saving t chnology adopt d 

"�,,� 
• �: respondent; �: model ye r; j: ch r cteristic; k: technology 

• �������� ���� = 1 if the respondent is not s tisfied with the oper tion l 
ch r cteristic #, otherwise 0 

• Fuel aving���� = 1 if the fuel-s ving technology $ is  dopted in the 
vehicle, otherwise 0 

• ���� !  ���� include vehicle cl ss, drive type, br nd, model-ye r, 
household income level, gender, educ tion,  nd residence fixed effects 

• For ex mple, br nd fixed effects c n  ccount for the v ri tion of diss tisf ction 
c used by the time-inv ri nt heterogeneity in the qu lity of technology 
implement tion  mong br nds 

Prelimin ry Results – Subject to Ch nge 14 



          
       

  

   

  

  

   

    

  

  

 

    

   

   

   

 
    

 
 

 

 

 

 
 

 

Estimat d chang  in th  probability of g tting unsatisfactory rating of 
ov rall  xp ri nc  in th  pr s nc  of a fu l-saving t chnology 

• Estim ted coefficients 

(with st nd rd errors) 

 re very sm ll 

• Neg tive coefficients 
suggest the presence 

of the technologies is 

 ssoci ted with less 

prob bility of 

diss tisf ction -.
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• Only the coefficient of 
PHEV is st tistic lly 

signific nt  t .05 

signific nce level (with 

solid m rker) 
15 Prelimin ry Results – Subject to Ch nge 



          
          

  

   

  

  

 

   

  

   

  

  

 

    

 
 

 

 

 

 
 

 

Estimat d chang  in th  probability of g tting unsatisfactory rating of 
ov rall pow r and pickup in th  pr s nc  of a fu l-saving t chnology 

• Estim ted coefficients 

 re  ll pretty sm ll 

• CVT, cylinder 
de ctiv tion, EV, stop-

st rt, turboch rgered 

 re correl ted with 

less prob bility of 

diss tisf ction 

• Cooled EGR is 
correl ted with higher 

prob bility of 

diss tisf ction 
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Prelimin ry Results – Subject to Ch nge 16 



          
        

  

   

   

  

  

  

   

    

  

  

    

 
 

 

 

 

 
 

 

Estimat d chang  in th  probability of g tting unsatisfactory rating of 
ov rall driving p rformanc  in th  pr s nc  of a fu l-saving t chnology 

• Estim ted coefficients 

 re  ll very sm ll 

• CVT, EV,  nd 
turboch rged  re 

correl ted with less 

prob bility of 

diss tisf ction 

• High ge r tr nsmission 

 nd cooled EGR  re 
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correl ted with higher 

prob bility of 

diss tisf ction 

17 Prelimin ry Results – Subject to Ch nge 



           
      

  

   

   

  

    

   

   

   

  

  

  

    

 
 

 

 

 

 
 

 

Estimat d chang  in th  probability of g tting unsatisfactory rating of ov rall 
nois /vibration/harshn ss in th  pr s nc  of a fu l-saving t chnology 

• Estim ted coefficients 

 re  ll very sm ll 

• Comp ring to simple 

gr phic l comp rison, 

 fter controlling for the 

fixed effects  nd socio-

demogr phics, CVT is 

 ctu lly correl ted with 

less prob bility of 

diss tisf ction with 

over ll noise/vibr tion/ 

h rshness 
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18 Prelimin ry Results – Subject to Ch nge 



          
        

  

  

  

  

    

 

  

  

   

   

    

 
 

 

 

 

 
 

 

Estimat d chang  in th  probability of g tting unsatisfactory rating of 
ov rall fu l  conomy/mil ag in th  pr s nc  of a fu l-saving t chnology 

• M ny technologies 

ex mined  re 

correl ted with less 

prob bility of 

diss tisf ction 

• CVT  nd EV show 
st tistic lly-signific nt 

rel tionships with less 

prob bility of 

diss tisf ction with  ll 
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the four oper tion l 

ch r cteristics 

19 Prelimin ry Results – Subject to Ch nge 



          
   

     

           
 

         
         

          

              
          

            

    

Limitations 
• Current m tched s mple does not represent the popul tion of vehicles 
sold in the m rket 

• We do not identify c us l rel tionship 

• Observ tions selected to our current m tched s mple m y be subject to 
selection bi s 

• We c nnot distinguish between technologies c using problems, or technologies 
being put into vehicles with problems unrel ted to fuel-s ving technologies 

• The  n lysis will not c pture longer-term issues, such  s reli bility 

• Those issues won’t be known for some time,  s survey questions  re for buyers 
 bout their s tisf ction with the new vehicles they h ve recently purch sed 

• We  re working on upd ting the d t  to incre se the m tched s mple 
size 

Prelimin ry Results – Subject to Ch nge 20 



   

        
   

       
        

          
  

              
     

           
     

    

Summary of pr liminary r sults 

• Over ll, vehicle consumers  re highly s tisfied with oper tion l 
ch r cteristics of their vehicle 

• Prelimin ry results suggest th t consumer diss tisf ction  ppe rs 
not correl ted with fuel-s ving technologies  dopted in most c ses 

• The coefficients  re pretty sm ll, reg rdless of whether they  re st tistic lly-
signific nt or not 

• Consistent with the findings of Helf nd et  l. (2016)  nd Hu ng et  l. (2017) 
using d t  from profession l  uto reviewers 

• It is import nt to control for observed  nd unobserved ch r cteristics, such 
 s socio-demogr phics  nd br nd fixed effects 

Prelimin ry Results – Subject to Ch nge 21 



     
    

App ndix 

Summ ry st tistics of diss tisf ction with oper tion l 
ch r cteristics over fuel-s ving technology  nd its presence 

22 



       
       

 

 

 

 

 
 

 

 

 

      

    

   

    

     

    

    

   

  

    

    

     

      

    

    

    

P rc nt of dissatisfaction with ov rall pow r and pickup 
in th  pr s nc  or abs nc  of fu l-saving t chnology 

23 
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Absence of the technology Presence of the technology 

• It  ppe rs th t vehicle 
owners  re subst nti lly 

more s tisfied with their 

over ll power  nd pickup in 

the presence of cylinder 

de ctiv tion, diesel, EV, high 

ge r tr nsmission, stop-st rt, 

 nd turboch rged 

• Are they more diss tisfied 

with v ri ble v lve timing, 

which is  pplied to  bout 

98% of the s mple? We will 

see the import nce of 

controlling for other f ctors 

Prelimin ry Results – Subject to Ch nge 



      
       

    

   

     

  

 

 

 

 

 
 

 

 

 

      

    

P rc nt of dissatisfaction with ov rall driving p rformanc  
in th  pr s nc  or abs nc  of fu l-saving t chnology 

24 

• Ag in, only very sm ll 

percent ge of vehicle 

buyers is not s tisfied with 

over ll driving perform nce 
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• Ag in, this is   simple 

comp rison without  ny 

controls 
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• It  ppe rs th t vehicle 
owners  re more 

diss tisfied with fuel 

economy th n other 

oper tion l ch r cteristics 

• Also, the differences in 
diss tisf ction with fuel 

economy between vehicle 

owners with  nd without 

fuel-s ving technology in 

their vehicle  re gener lly 

l rger th n those with other 

oper tion l ch r cteristics 
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