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METHODS

I mplementing an electronic health record (EHR) in a hospital 

brings many challenges—some bigger than others.1 Managers 

often recognize common but readily addressed EHR imple-

mentation issues, while more daunting challenges are identified 

less frequently or later in the process. Prior research has shown 

that hospitals are slow to implement key EHR features that en-

hance patient safety and care quality.2,3 In particular, professional 

buy-in and implementation costs have been identified as major 

impediments to EHR use.4 The latter issue—implementation 

cost barriers—is further exacerbated because demonstrating an 

EHR’s return on investment is difficult.5 Determining which EHR 

implementation issues hinder the widespread “Meaningful Use” 

of the technology is important.6

The problem in identifying and prioritizing EHR implementation 

issues stems from managerial knowledge gaps arising from a lack 

of experience with the process. To identify knowledge gaps, profes-

sional organizations survey health system leaders about their EHR 

implementation challenges.7,8 The American Hospital Association 

(AHA)’s Annual Survey Information Technology (IT) Supplement 

(referred to hereafter as “AHA Survey”) asks managers to pick among 

a list of options for all EHR implementation challenges that their 

hospital currently faces or anticipates. Although this approach is 

likely to capture how common an issue is among hospitals, it does 

not explicitly address how difficult a specific challenge is. Moreover, 

using response frequencies as a proxy measure for EHR implemen-

tation difficulty may lead to inaccurate inferences about the areas 

where managers should focus their efforts.

The purpose of this paper is 2-fold: first, the challenges hospital 

administrators face in implementing an EHR were examined us-

ing a holistic approach to item difficulty; second, an established 

psychometric methodology was employed to quantify the relative 

difficulty levels of various EHR implementation challenges, based 

on managers’ responses to a “pick all that apply” questionnaire. 

Item response theory (IRT)9 was used to analyze the AHA Survey’s 

questions related to EHR implementation challenges in meeting 

federal requirements for Meaningful Use.10 Results were compared 
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and contrasted with the standard, descriptive statistics that have 

been widely reported. 

Background

A 2014 literature review of hospital EHR implementation studies 

identified 6 main categories of barriers11: 1) financial capabilities, 

related to the total cost of EHR system ownership (acquisition and 

operation); 2) vendor selection, related to integrating ITs into the 

workplace; 3) IT staffing, related to having employees with prior 

implementation experience; 4) health system culture, related to 

organizational collaboration challenges; 5) organizational complex-

ity, related to the bureaucracy and change management capacity 

of the hospital; and 6) clinical professional barriers, related to the 

ITs’ impact on providers’ abilities to deliver care. Many dimensions 

play roles in the EHR implementation process, but 2 themes emerge 

consistently across the 6 domains identified in the prior research: 

experience with EHR implementation and the complexity of manag-

ing the particular barrier. 

The common factors that affect a barrier’s potential importance 

can be put into a 2-dimensional framework of barrier complex-

ity and experience. The experience dimension can be translated 

into where a health system is in its tacit knowledge about EHR 

implementation barriers. IRT is specifically designed to order re-

spondents’ relative knowledge about specific content. The model 

is presented in the Figure. 

The most complex managerial challenge when implementing an 

EHR is gaining clinician buy-in.12 By both social and legal conven-

tions, physicians have the professional autonomy to make clinical 

decisions.13 The introduction of an EHR with predefined order 

sets, automated reminders, and decision support is perceived by 

many physicians as a direct attempt to diminish their professional 

autonomy. In addition, many physicians are not directly employed 

by health systems, further reducing their organizational com-

mitment. Taken together, the resistance to managerial oversight 

and lack of organizational identification make gaining physician 

buy-in a major issue. Nurses have a lesser degree of professional 

autonomy and are typically employed by the hospital; hence, they 

tend to be less of a management challenge than physicians when 

it comes to EHR implementation and use. Nevertheless, the phy-

sician–nurse relationship is critical to EHR 

implementation success.

In the Figure, the clinical staff response 

(items 3 and 4) begins during the EHR adop-

tion phase. Normatively, doctors and nurses 

should be brought in at the earliest stage. In 

practice, they tend to be included after the 

decision to adopt the EHR has been made 

during vendor selection.14 The importance of 

clinical staff engagement is an ongoing man-

agement challenge, as the degree of clinical 

functionality in the EHR and required care process documentation 

is ever-increasing. Therefore, management experience with imple-

menting more sophisticated functionalities is a learned capability 

that continues ad infinitum. 

The financial capacity (items 1 and 2) of the health system to 

support the EHR is also an ongoing challenge. The initial cost of 

purchasing an EHR is considerable, but knowable; however, it is 

the ongoing cost of operating the systems that many managers un-

derestimate.15 Losses in productivity have a concomitant impact on 

revenues,16 and the double impact of unexpectedly high ownership 

costs and reduced revenue cause managers significant challenges. 

Managers typically become fully cognizant of these total cost of 

ownership (TCO) issues only after they begin the implementation 

process; the start date in the Figure reflects this fact.

Similar to the experience-informed learning that occurs with the 

recognition of TCO issues, the additional levels of organizational 

complexity (item 10) that are part-and-parcel of an EHR implementa-

tion become clearer over time.17 Post-EHR implementation, health 

systems have to roll out additional functionalities to meet organi-

zational needs and comply with ever-increasing regulations. Hence, 

this construct also encompasses the entire EHR lifecycle. 

Organizations’ cultures (item 9) are also impacted by the introduc-

tion of new technologies and the workflow changes that come with 

them.14 Depending on when organizational members are engaged in 

the EHR adoption and implementation processes, the impact on or-

ganizational culture can start very early on and continue indefinitely. 

One means of making the cultural shift a positive one is to engage 

staff members during the vendor selection phase to promote buy-in.

Vendor selection and operations are closely related to issues 

of EHR product certification (item 6), ensuring system security 

against privacy breaches (item 5), and ongoing system support 

(item 7). A major criterion in vendor selection is to reduce the 

management burden related to these items.18,19 Therefore, they 

appear lower on the management complexity axis. Despite being 

lower on the complexity dimension, ongoing vendor relations 

mean that it is an enduring management activity.

The lowest EHR implementation challenge construct, in terms 

of management complexity, is information technology staffing 

(item 8).14 The employees dedicated to supporting the technology 

TAKE-AWAY POINTS

Many surveys of hospital administrators have sought to identify barriers to the Meaningful Use 
of electronic health record (EHR) technology. However, the surveys used often lack the precision 
to provide a list of barriers ordered from most difficult to least difficult. Instead, surveys tend 
to report the most common or well-known barriers to adoption. 

 › The analysis identifies obtaining physician cooperation as the most challenging barrier to 
EHR adoption. 

 › Some frequently cited barriers, such as dealing with the complexity of the Meaningful Use 
requirements are shown to be less challenging.
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are easier to manage because, unlike that of 

clinical staff, their job description explicitly 

includes following the direction of leadership. 

Nevertheless, managers often underestimate 

the number of IT staff needed to support an 

EHR.20 Therefore, the management challenge 

continues well into the implementation phase 

until the organization reaches some level of 

homeostasis with respect to the EHR.

The EHR adoption/implementation chal-

lenges used in the AHA Survey are not a perfect 

fit to the constructs listed in the literature 

review of Boonstra and colleagues.11 Neverthe-

less, the AHA Survey does touch on each of the 

major domains in some fashion and serves as 

a good starting point from which to explore 

EHR implementation challenges from a health 

system perspective. 

METHODS
The AHA Survey (2013)20 was funded by the 

Office of the National Coordinator for Health 

Information Technology (ONC) and sent to 5756 

US hospitals (including those not members 

of the AHA). The survey had a 59% response 

rate for a sample of 3396. The survey question, 

“What is (are)/would be the primary challenge(s) in implementing 

an EHR system that meets the federal requirements for meaningful 

use? (Please check all that apply)” was analyzed. The item offered 

10 structured responses, including: 1) upfront capital costs/lack of 

access to capital to install systems, 2) ongoing cost of maintaining 

and upgrading systems, 3) obtaining physician cooperation,  

4) obtaining other staff cooperation, 5) concerns about security 

or liability for privacy breaches, 6) uncertainty about certification 

requirements, 7) limited vendor capacity, 8) lack of adequate IT 

personnel in hospital to support implementation/maintenance, 

9) challenge/complexity of meeting all Meaningful Use criteria 

within implementation timeframe, and 10) complexity associated 

with coordinating decisions with system-level leadership. These 

responses were used in the IRT phase.

IRT is a collection of modeling techniques for analyzing item-

level data obtained to measure variation between respondents. 

Unlike regression methods, IRT does not require a dependent 

variable against which to parse variance; instead, it compares the 

items against one another to establish the pattern of responses 

from a sample of survey or test takers. In addition, by evaluating 

the confidence intervals (CIs) of the item difficulty measurements, 

it is possible to assess if there are potentially missing items in 

the scale. When sorted by item difficulty, each CI should overlap 

with the next item in the list. CIs that do not overlap indicate that 

there may be another item that would improve the classification 

of survey respondents. The CI comparison can be used to detect 

potential gaps in an assessment scale’s items.

One important assumption of IRT is that the scale being assessed 

is unidimensional. To test this assumption, a factor analysis is per-

formed in the items to ensure they are measuring a common con-

struct (see eAppendix A [eAppendices available at www.ajmc.com] 

for a description of the factor analysis). Following that procedure, 

the IRT itself can be undertaken to assess both item and respondent 

characteristics (see eAppendix B for a description of the IRT). 

RESULTS
Tables 1 and 2 display the characteristics of the hospitals in the 

sample and the correlations among the responses to the 10-item 

questionnaire, asking: “What is (are, or would be) the primary 

challenge(s) in implementing an EHR/EHR system that meets the 

federal requirements for Meaningful Use? (Please check all that ap-

ply).” These items were factor-analyzed using the principal factors 

and unrotated modeling specifications. The amount of variance 

explained by the first factor was 73.9%, and the factor loading for 

each item was ≥0.460. The ratio of the Eigen value for the first 

FIGURE.  Barriers to EHR Implementation by Managerial Complexity and 
Experience Stagea

EHR indicates electronic health record; Impl. indicates implementation; IT, information technology.
aNumbers indicate the corresponding items in the AHA Survey.20 

M
an

ag
er

ia
l c

om
pl

ex
ity

EHR adoption EHR basic impl. EHR advanced stages impl.

Financial capacity (1 and 2)

IT staffing (8)

Hospital culture (9)

Organizational complexity (10)

Clinical staff’s EHR responses (3 and 4)

Vendor issues

Vendor performance (6 and 7)Vendor selection (5 and 6)

Organizational experience/knowledge



e412  DECEMBER 2016 www.ajmc.com

METHODS

factor (3.184) to the second (0.839) was 3.8. Overall, these results 

indicated that the responses form a single construct, with varying 

levels of organizational challenge being the distinguishing feature. 

The results of the IRT analyses are presented in Table 3, ranked 

by item difficulty. The “obtaining physician cooperation is a pri-

mary challenge” response had the highest item difficulty rating (b 

= 0.331) and good discrimination (a = 1.039), but was the fourth most 

frequently identified challenge (43.12% of responses). The 2 chal-

lenges related to EHR financing— ongoing costs of maintaining and 

upgrading systems” (b = 0.286) and “upfront capital costs/lack of 

access to capital to install systems” (b = 0.267)—were the second and 

third most difficult items, respectively, based on the IRT analysis. 

However, these 2 items were the first (upfront capital cost) and fifth 

(ongoing cost) most common responses in the descriptive statistics 

using frequency counts. In addition to being a major challenge, the 

“ongoing cost” response also had the highest discrimination of any 

item (a = 1.696). IRT analysis re-ordered the challenges relative to 

the response frequency approach for assessing item importance. 

The fourth and fifth items based on the difficulty measure related 

to technical aspects of implementing an EHR. “Challenge/complex-

ity of meeting all Meaningful Use criteria within implementation 

timeline” was the fourth most difficult challenge (b = –0.198). 

This item also had lower discrimination (a = 0.993). The “lack of 

adequate IT personnel in the hospital to support implementation/

maintenance” item was the next most difficult (b = –0.303) and had a 

slightly higher discrimination index (a = 1.041) than the “…meeting all 

Meaningful Use criteria…” item. “Obtaining other staff cooperation” 

item (b = –1.150) did not group with the other personnel challenge 

related to gaining physician buy-in. However, it did have relatively 

high discrimination (a = 1.331) compared with the physician item (a 

= 1.039). The last item with good discrimination was “concerns about 

security or liability for privacy breaches” (a = 1.303). The remaining 

items had both low difficulty and discrimination measures, indicat-

ing that these issues are not impacting EHR deployment. 

Examining the item difficulty CIs, there are 4 potential gaps in 

the scale used to measure EHR implementation challenges. The 

first gap appears between the items “upfront capital costs/lack of 

access to capital to install systems” and “challenge/complexity of 

meeting all Meaningful Use criteria within implementation time-

line.” There are 4 more potential gaps noted in Table 3. Potential 

missing items are discussed in the next section.

TABLE 1. Hospital Sample Characteristic

Hospital Characteristic %

Bed size

  Small 50.21

  Medium 38.97

  Large 10.82

Teaching status

  Major 6.58

  Minor 24.73

  Nonteaching 68.69

Ownership

  For profit 16.41

  Nonprofit 58.83

  Public 24.76

Region

  Northeast 13.78

  Midwest 33.64

  South 35.65

  West 16.34

Critical access status

  Yes 23.08

  No 76.92

TABLE 2. Item Correlation

1 2 3 4 5 6 7 8 9

1. Upfront capital costs/lack of capital to install systems 1

2. Ongoing costs of maintaining and upgrading systems 0.616 1

3. Obtaining physician cooperation 0.232 0.250 1

4. Obtaining other staff cooperation 0.235 0.271 0.761 1

5. Concerns about security or liability for privacy breaches 0.311 0.464 0.312 0.407 1

6. Uncertainty about certification requirements 0.062 0.263 0.100 0.352 0.449 1

7. Limited vendor capacity 0.248 0.323 0.277 0.322 0.314 0.393 1

8. Lack of adequate IT personnel in the hospital to support 
implementation/maintenance

0.354 0.381 0.210 0.295 0.250 0.199 0.335 1

9. Complexity of meeting all Meaningful Use criteria within  
implementation timeline

0.169 0.330 0.256 0.212 0.316 0.384 0.351 0.253 1

10. Complexity associated with coordinating decisions with 
system-level leadership

0.186 0.166 0.137 0.351 0.221 0.354 0.228 0.318 0.393

IT indicates information technology.
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DISCUSSION

The findings have both policy and method-

ological implications. “Obtaining physician 

cooperation” is the biggest challenge to imple-

menting an EHR based on the IRT analysis. 

However, the Meaningful Use program pro-

vides no explicit rewards to doctors in the hos-

pital environment. In the ambulatory setting, 

individual physicians are targeted for rewards 

if they are early adopters, and penalties if they 

procrastinate about EHR implementation. The 

rationale for the rewards in the ambulatory en-

vironment was to compensate doctors for their 

productivity levels likely suffering in the near 

term after implementation. The effect of an 

EHR implementation in the hospital is similar 

for doctors, but no offsetting compensation is 

made available. Hence, increased resistance 

from physicians is likely to impact hospital 

managers charged with EHR implementation.

The IRT results also offer methodological 

insights. “Obtaining physician cooperation” 

was the most challenging EHR implementa-

tion barrier in the IRT results. These findings 

are similar to those of other studies determin-

ing that many physicians do not routinely use 

EHRs to improve care quality.21 The “upfront 

capital cost” response was the most frequently identified EHR 

implementation challenge, but it was only the third most diffi-

cult measure based on an IRT analysis. The switching of positions 

from the counts listing to the IRT is an indication that descriptive 

statistics alone do not provide a complete or accurate assessment. 

The “ongoing…” and “upfront…” cost measures were also very chal-

lenging for hospitals.22,23 The Item Discrimination Index is highest 

for the challenge related to “ongoing costs.” Therefore, this concern 

is the item most likely to differentiate respondents. 

Although inferential statistics in general and logistic regression, 

in particular, have the potential to highlight differences in hospitals’ 

EHR implementation challenges, they also have limitations. Logistic 

regression models require a dependent variable to assess an item’s 

relative importance. For example, the study by Adler-Milstein and 

colleagues,24 which analyzed the same battery of EHR implementa-

tion challenges using Meaningful Use attestation as the dependent 

variable, found that cost measures, rather than physician cooperation, 

were the biggest challenge. The difference arises because EHR imple-

mentation challenge items are not being compared with one another; 

instead, variance is being allocated across them in a zero-sum fashion. 

In contrast, IRT identifies that the “challenge/complexity of meeting 

Meaningful Use within specified timelines” was a major challenge re-

gardless of other organizational characteristics. In the regression analy-

sis, both groups believed the issue to be important, but no statistical 

difference was detected, so the item was not considered to be significant 

in the discussion. Moreover, the relatively low Item Discrimination 

Index for the “complexity of meeting Meaningful Use within specified 

timelines” measure indicates that the variable will not differentiate 

hospitals on other characteristics. Therefore, this is a relatively difficult 

challenge common to most facilities regardless of other characteristics.

IRT identifies the relative placement of EHR implementation 

barriers by utilizing response patterns within individual hospitals 

to inform item hierarchical ordering. Although the Meaningful 

Use attainment measure can be used as proxy for EHR implemen-

tation difficulty, it did not assess the underlying organizational 

capabilities and resources that make some barriers more difficult 

than others for a particular hospital. In that respect, the regression 

analysis approach is underspecified, given that omitted variables 

are likely. Therefore, having a means of assessing organizational 

barriers/challenges that does not require other constructs to be 

fully identified allows for alternative explanations as to why some 

EHR implementation challenges are greater than others.

There are 3 interpretations for why the IRT produced different 

results than either the frequency count or logistic regression ap-

TABLE 3. Item Frequency, Discrimination, and Difficulty

Yes
%b

Item 
Discriminationb 

Item 
Difficulty
(95% CI)

Obtaining physician cooperation 
43.12 

(4)
1.039 (7)

0.331
(0.24-0.41)

Ongoing costs of maintaining and  
upgrading systems 

42.18 
(5)

1.696 (1)
0.286

(0.22-0.35)

Upfront capital costs/lack of capital to 
install systems 

56.00 
(1)

1.179 (4)
0.267

(0.19-0.34)

Complexity of meeting all Meaningful Use 
criteria within implementation timeline

45.82 
(2)

0.993 (9)
–0.198c 

(–0.28 to –0.11)

Lack of adequate IT personnel in the hospital 
to support implementation/maintenance

43.45 
(3)

1.041 (6)
–0.303c 

(–0.39 to –0.21)

Obtaining other staff cooperation 
23.71 

(6)
1.331 (2)

–1.150c 
(–1.3 to –1.0)

Concerns about security or liability for 
privacy breaches 

22.92 
(7)

1.303 (3)
–1.208

(–1.3 to –1.1)

Limited vendor capacity
21.19 

(8)
1.062 (5)

–1.495c 
(–1.7 to –1.3)

Complexity associated with coordinating 
decisions with system-level leadership 

19.59 
(9)

0.816 (10)
–1.995c

(–2.2 to –1.7)

Uncertainty about certification 
requirements 

13.67 
(10)

0.962 (8)
–2.32

(–2.5 to –1.9)

Othera 6.46 – –

CI indicates confidence interval; IT, information technology.
aThe “Other” category was omitted from the analysis. 
bRankings listed in parentheses for the “Yes %” and “Item Discrimination” measures.
cIndicates Item Difficulty CIs that do not include the item above. Where such gaps appear, other 
unaccounted-for electronic health record implementation challenges may be present.
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proaches used in the other studies. From a learning perspective, 

those facilities with more experience will have a better understand-

ing of different challenges’ operational impact. Therefore, those that 

have achieved Meaningful Use Stage 2 are more likely to prioritize 

challenges relying on the benefit of hindsight. A second interpreta-

tion relates to the innovation adoption-implementation lifecycle. 

Hospitals further into the process will be facing different challenges 

than those just beginning. Specifically, “obtain physician buy-in” is 

likely to be easier when the EHR is an abstract idea and more difficult 

when the reality of using the systems is encountered. Organiza-

tional capacity provides a third view for considering EHR adoption-

implementation challenges. Under this interpretation, hospitals 

with better management will identify the more intractable EHR 

adoption-implementation challenges with greater frequency.25,26 

Through any of these perspectives, the “obtaining physician coopera-

tion” challenge would be the furthest along on the learning curve. 

Another important feature of the IRT analysis was the identifica-

tion of potential gaps in the EHR implementation challenge scale as 

it was fielded. The potential gap between “upfront capital costs/lack 

of access to capital to install systems” and “challenge/complexity of 

meeting all Meaningful Use criteria within implementation time-

line” is at the highest item difficulty level. The “upfront capital…” 

item is clearly written, but the “challenge/complexity of meeting all 

Meaningful Use criteria within implementation timeline” response 

has 2 potential issues.

First, the “challenge/complexity of meeting all Meaningful Use 

criteria within implementation timeline” item is poorly phrased. The 

part of the question using the phrase “challenge/complexity” lacks 

specificity. What aspect of the implementation is “complex”? EHR 

implementations require health systems to “build” many of the user 

interfaces, create order sets, and link to other information systems. 

Respondents may be responding to this aspect of EHR implementation 

complexity. Alternatively, EHR implementations require significant 

staff training evolutions that are different than the concepts captured 

in the “obtaining staff/physician cooperation” items. There is no men-

tion of staff training in the scale as it was put to the respondents. 

A second issue is that the “challenge/complexity of meeting all 

Meaningful Use criteria within implementation timeline” item has 

2 questions embedded within it. The “challenge/complexity” phrase 

is one element and the EHR “…implementation timeline” is a second 

distinct concept. Creating 1 or 2 time-related items would be an im-

provement. One item would address meeting the timelines set by the 

organization for implementing the EHR. The second would assess the 

health system’s ability to meet the Meaningful Use target timelines. 

Given health systems could join the Meaningful Use program at differ-

ent points without penalty; the 2 timelines are not necessarily the same.

Disaggregating and more accurately specifying the concepts in the 

“challenge/complexity of meeting all Meaningful Use criteria within 

implementation timeline” question could also fill in the gaps that 

appear in the scale. Per the earlier discussion, breaking out the EHR 

“build” features could help fill the gap above the “lack of adequate IT 

personnel in the hospital to support implementation/maintenance” 

and “obtaining other staff cooperation” items. One possible solu-

tion is to look to the survey itself. The survey asks respondents to 

list “other barriers to EHR implementation.” Exploring those might 

yield potential items to fill in the gaps identified in the scale as it is 

currently employed. The potential “staff training” and “EHR develop-

ment” items discussed above were drawn from that list.

Having EHR implementation challenge scales that are lacking 

potential items is an important issue for policy makers. The ONC 

funds research into areas that have been identified as impediments 

to effective EHR use. Lacking accurate and complete feedback from 

health system administrators diminishes the ONC’s ability to target 

EHR implementation challenges. 

Similar to having incomplete information, having the EHR im-

plementation challenges incorrectly sorted may lead to misguided 

investment strategies. As the IRT analysis demonstrates, “obtaining 

physician cooperation” is the most difficult item. Changing the 

culture of the medical community is a far more difficult undertak-

ing than funding EHR purchases and implementations. To alter the 

physician community’s beliefs, it may be necessary to start while 

physicians are in medical school. Such a transformation would 

take a generation to implement.27 Ongoing organizational training 

may help to improve EHR acceptance.

CONCLUSIONS
Both EHR implementation and methodological lessons can be 

drawn. With respect to EHR implementation, among the challenges 

evaluated, “obtaining physician cooperation” is the most difficult 

part of the process. For those hospitals in the initial stages of EHR 

implementation, the importance of gaining physician buy-in may 

not be apparent. Similarly, the importance of managing ongoing 

ownership and operating costs for EHR systems may not be fully 

understood by early adopters compared with late adopters. Public 

policies that provide rewards for implementing more sophisticated 

EHR functionalities can be tailored to ameliorate these challenges. 

The IRT analysis also helps quantify the relative difficulty of each 

challenge that health systems face.

Many surveys of healthcare providers and managers employ 

multiple selection items (eg, “pick all responses that apply”) to 

reduce respondent burden. To interpret which responses are most 

significant, researchers typically employ either simple statistics, 

such as frequency counts to order items, or use inferential ap-

proaches, like linear regression, to measure importance in relation-

ship to some other factor. Neither approach is ideal. The frequency 

counts do not provide an accurate picture of how difficult a par-

ticular response is vis-à-vis other options. Frequency is about how 

often something is encountered, not necessarily how important a 

particular challenge is to the implementation success. The regres-
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sion approach is limited to addressing the relationship of survey 

responses to a particular variable of interest rather than allowing 

them to be context-free and self-referent. 

The IRT approach addresses the 2 aforementioned shortcomings 

and provides an effective complement to those analytic strategies. 

For those designing surveys, including the IRT approach as part 

of the analytic strategy should be established a priori. For those 

analyzing secondary data with "pick all that apply" options, us-

ing IRT in conjunction with other techniques could yield a more 

complete picture of the phenomena. n
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eAppendix A  

 

Factor Analyis 

An important IRT assumption is that a set of items measures a single, or unidimensional, 

construct.1,2 We used exploratory factor analysis to examine whether the set of questions on the 

challenges of EHR implementation form a unidimensional measure. At present, no definitive 

criterion for determining unidimensionality exists. However, “sufficient” unidimensionality for 

IRT analysis3 may be demonstrated if proportion of the variance explained by the first factor is 

greater than 20%4 and if the ratio of eigenvalues between the first and second factor is greater 

than 4.5 Finally, strong factor loadings (eg, P >.40) observed for all items on the first factor 

provide support of sufficient unidimensionality for valid IRT modeling. 
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eAppendix B  

 

Item Response Theory Parameters  

IRT provides a means of assessing both item discrimination, how well an item 

distinguishes between different levels of the trait, and item location, the level of the trait where 

the item performs best. The 2-parameter logistic model, often used for items with binary 

response options, was used to estimate the discrimination (A) and location (B) parameters for 

each item. The A parameter reflects the ability of a measure to discriminate between levels of a 

construct, with higher values indicating better discrimination. In using IRT to assess standardized 

test performance, such as the Graduate Record Exam (GRE), the Item Discrimination Index 

indicates how well the item differentiates high–ability and low–ability respondents. In the case at 

hand, the A parameter assess how useful a particular survey question is at differentiating 

hospitals’ relative EHR implementation abilities. Values greater than 1 indicate a high level of 

discrimination. The B parameter refers to the location on the spectrum of the construct (from the 

low to high end) where the measure provides the most/best information. Each B parameter refers 

to the location on the construct where the probability of endorsement is 50%. When used to 

assess standardized test’s items, such as the GRE, the B parameter represents the likelihood that 

a respondent will provide the correct answer. For assessing hospitals’ EHR implementation 

challenges, the B parameter sorts the items from easiest to most difficult. In short, the A 

parameter sorts items based on relative abilities to differentiate hospitals and the B parameter 

sorts items based on their relative difficulty levels. Score based on these item parameters 

(discrimination, location) were estimated for each respondent [hospital]. We implemented all 

IRT analyses using Stata 14 (StataCorp, College Station, Texas). 

 

 


