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ABSTRACT

OBJECTIVE

Patient handoffs remain a significant patient safety challenge. Cognitive Load Theory (CLT) can 

be used to identify the cognitive mechanisms of handoff errors. The ability to measure 
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cognitive load types during handoffs could drive the development of effective protocols and 

educational strategies. No such measure currently exists.

METHOD

The authors developed the Cognitive Load Inventory for Handoffs (CLIH) using a multi-step 

process, including expert interview to enhance content validity and talk-alouds to optimize 

response process validity. The final versions contained 28 items. From January to March, 2019, 

we administered a cross-sectional survey to 1,807 residents and fellows from a large health 

system in the United States. Participants completed the CLIH following a handoff. Exploratory 

factor analysis from one-third of respondents identified high performing items; confirmatory 

factor analysis with the remaining sample assessed model fit. Model fit was evaluated using the 

comparative fit index (>0.90), Tucker-Lewis Index (>0.80), standardized root mean square 

residual (<0.08), and root mean square of approximation (<0.08).

RESULTS

Participants included 693 trainees (38.4%) (231 in the exploratory study and 462 in the 

confirmatory study). Eleven items were removed during exploratory factor analysis. 

Confirmatory factor analysis of the 16 remaining items (5 intrinsic load, 7 extraneous load, and 

4 germane load) supported a three-factor model and met criteria for good model fit: CFI was 

0.93, RMSEA was 0.074, and SRMR was 0.07. The fit was comparable for gender and role. 

Intrinsic, extraneous and germane scales had high internal consistency. With one exception, 

scale scores associated, as hypothesized, with postgraduate level and clinical setting.

CONCLUSION

The results provide evidence for validity: content, response process, internal structure and 

association with other variables. This instrument can be used to determine the relative drivers 

of cognitive load during handoffs as well as the relative effectiveness of handoff instruction and 

protocols. A
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INTRODUCTION

Patient handoffs is the process by which the clinical information and responsibility for a 

patient or panel of patients is transferred from one clinician or team to another.1 Handoffs may 

be triggered by any number of events, including the end of the clinician’s shift or change in a 

patient’s level of care.2 Handoffs may occur frequently in any given day and are vulnerable to 

communication errors.3,4 Communication errors include information loss and/or distortion that 

can lead to patient harm.5-7 Efforts to improve patient safety during handoffs have generated 

best practices.8,9 These practices facilitate information transfer via communication protocols 

that include structured face-to-face and written sign-out, teamwork, interactive questioning, 

and distraction-free settings.10,11 In an effort to improve the competencies of physicians-in-

training, medical schools and residency programs are implementing handoff curricula that 

teach these best practices.8 

Despite these advances, handoffs remain a significant patient safety challenge, even in 

those studies reporting improvements.11 Researchers have identified Cognitive Load Theory as 

a framework to explore the cognitive mechanisms of handoff errors and thereby develop 

evidence-based handoff processes for which educators can design specific interventions.12,13 

Originally developed by John Sweller in the context of studying how students problem solve14, 

Cognitive Load Theory (CLT) focuses on the implications of limited working memory (WM) for 

learning.15 While sensory and long-term memory are relatively infinite, WM is finite. In fact, 

WM can only actively process (i.e. organize, compare and contrast) two to four elements at any 

given moment.16,17 When the cognitive load of a learning tasks such as a handoff exceeds the 

working memory capacity of the trainee, errors occur, often in the form of information loss 
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(e.g., drug allergy, critical co-morbidity, relevant history or current treatments) or distortion 

(e.g., wrong medication dose, wrong surgical site, or incorrect diagnosis). This can lead to 

patient harm.

CLT envisions at least two, and possibly three, types of cognitive load (CL).18 Intrinsic 

load arises from the information processing demands associated with performing the task itself. 

Both task complexity and learner expertise determine the intrinsic load imposed by any given 

handoff. Extraneous load occurs when learners use working memory resources to process 

information not essential to the task.  Common examples include external distractions (e.g., 

noise in the environment) or suboptimal instructional design (e.g., unnecessarily having to 

search for information).19  Internal distractions (e.g., worries about external or personal issues, 

competing demands, self-induced time pressure) may also contribute to extraneous load.20,21 

Germane load represents the information processing imposed by the learner’s deliberate use of 

cognitive strategies to refine existing schemata and enhance storage in long-term memory.22 

Recent work by Sweller and others has suggested that germane load may best be understood 

as a component of intrinsic load rather than a separate type of load.23-25 Yet, some empirical 

work has found evidence for germane load as a separate type.26,27 

In order to identify the cognitive mechanisms of current handoff protocols and to 

develop new handoff strategies that modulate intrinsic, extraneous, and germane loads in the 

desired directions, we need measures that differentiate between the types of cognitive load 

impacting a learner during a handoff. To date, two studies have attempted to develop a 

measure of cognitive load types during handoffs.26-28 The extraneous load items in both studies 

performed poorly and the findings related to germane load were contradictory. To build upon 

this prior work, we revised the Cognitive Load Inventory for Handoffs (CLIH) and then collected 

evidence for validity.

METHOD

Study design and ethics

This is a psychometric study of an instrument (CLIH) designed to measure the cognitive load 

experienced by trainees during handoff of a patient panel.  Consistent with the work of 

Downing and Kane and current standards in educatoinal and psychological measurement, we 
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used the unitary model of construct validity, with multiple sources of evidence, including: 

content, response process, internal structure, and relationship with other variables.29-31 

The Institutional Review Board for Northwell Health reviewed and deemed the study 

protocol exempt status as an educational research study with minimal risk.

CLIH development

We followed recommendations in the literature for survey development.32 We reviewed 

previously published literature on cognitive load theory and medical education18,33, drivers of 

cognitive load during handoffs12, instruments that successfully measured cognitive load during 

colonoscopy and classroom learning26,34, and earlier versions of the CLIH that reported mixed 

and contradictory results.27,28 Based on insights from these prior studies, we drafted items for 

each type of cognitive load. Each item was mapped to a CLT construct and handoff feature. 

(Supplementary Online Appendix 1) For example, an intrinsic load item asked about the 

difficulty in managing the amount of clinical information. This item was mapped to the CLT 

construct of number of information elements and to handoff features such as the number of 

patients, comorbidities per patient, and follow-up tasks. Similarly, another item asked about 

the complexity of the patient problems which was mapped to the CLT construct of element 

interactivity and the handoff features of uncertainty, interactions, and maturity of the evidence 

base for the disease. The first author then conducted individual interviews with 9 international 

experts in cognitive load theory (5) and handoffs (4). These experts provided feedback on each 

item with respect to the clarity and alignment with the intended CLT construct and handoff 

feature. Items were revised, deleted, and/or added after each interview. Adaptation of items 

from previously published work, development of additional items to ensure representativeness 

to the domains of CLT and handoffs, and expert review enhanced item quality and content 

evidence of validity.

 We conducted several types of pilot studies and cognitive interviews with trainees in 

order to reduce construct-irrelevant variance and optimize the response process, i.e., the 

probability that the resident interpreted each item as intended by its authors. First, we (JQY 

and RS) performed interviews with two groups (5 chief residents in psychiatry and 12 third year 

residents in psychiatry). Then we conducted individual interviews with 7 internal medicine and 
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2 pediatric residents. All of these residents were identified by their program director and 

agreed to participate. During the group and individual interviews, each item was read and 

residents were asked to say aloud what they thought the item was asking. When JQY and/or RS 

perceived either confusion or a discrepancy between the intended and perceived meaning of 

an item, follow up questions were asked to identify the source and potential solutions. Items 

were revised after each interview. We stopped the cognitive interviews when two consecutive 

interviews surfaced no discrepancies.

All authors approved the final version, which included 28 items, each employing an 

eleven point scale (0 for strongly disagree to 10 for strongly agree). Ten items measured IL, 

twelve items measured EL, and six items measured GL. We intentionally included a larger 

number of items than we intended to ultimately retain in order to minimize construct under-

representation, especially for EL which two prior studies had failed to measure.23 We also 

developed three global rating items, one for each CL type, for internal validation. 

Supplementary Online Appendix 2 shows the 28 CLIH items and 3 global items.

Participants and procedures

We recruited residents and fellows from Northwell Health, a large, twenty four hospital health 

system in the New York City metropolitan area that sponsors 122 distinct Accreditation Council 

for Graduate Medical Education accredited residency and fellowship programs. The Office of 

Academic Affairs provided email addresses for the 1,823 residents and fellows active during the 

2018-2019 academic year. Between January and March, 2019, each trainee received an email 

invitation from three study authors (JQY, KF, RS) with a link to the electronic survey hosted by 

RED-Cap, an academic software program that supports research surveys.35 In addition to the 

CLIH and global items, respondents provided demographic data, including gender, year in 

training, specialty of training, service and setting in which the handoff occurred, reason for the 

handoff, and the number of hours since the handoff was completed. Non-respondents received 

weekly emails over seven weeks in order to increase response rate.36 Reminders were sent at 

different times of day (0600, 0900, 1200, and 1700) to capture the transition between night-day 

and day-night shifts. We asked participants to complete the survey after a handoff. Invitees 

could participate only once and could enter a drawing for one of four $250 gift cards.37
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Outcomes and Analysis

We obtained evidence for validity from several sources: content, response process, internal 

structure, and relationship with other variables.

Content evidence and response process. The content evidence for validity derived from the 

instrument development process described above, in which item development incorporated 

prior published research, systematic mapping to CLT and handoff constructs, iterative revisions 

based on input from relevant experts, and inclusion of more items than expected to be retained 

to minimize construct under-representation. The validity of the response process was enhanced 

by the multiple cognitive interviews which helped identify sources of confusion in the items and 

thereby reduce construct-irrelevant variance.

Internal Structure. Despite several prior studies, an instrument development process that 

included expert consultation, and the assumption of three factors, we did not know how many 

factors the items would form in practice. First, prior versions of the tool had not performed 

well, especially the items intended to measure EL and GL, leading to a one factor and two factor 

solution in two different studies.27,28 Second, while we hypothesized three factors, strong 

arguments – both theoretic and empiric – have been made for both two factor and three factor 

models.25 Finally, we added emotion items to measure extraneous load, which had not been 

used before in the measurement of cognitive load. We were not sure if the emotion items 

would map onto a single construct of EL or lead to two different EL factors. Due to these 

uncertainties about the factor structure of the CLIH, we pursued a two-step process. In step 

one, we conducted exploratory factor analysis (EFA) to assess performance of the individual 

items and to better understand the factor structure. In step two, we performed confirmatory 

factor analysis (CFA) for cross-validation of the factor structure, including evaluation of model 

fit. 

We used a split-sample strategy.38,39 One third of the total sample was randomly 

assigned for EFA analysis and there was no overlap between the samples used for EFA and CFA. 

Consistent with expert recommendations, data from the eleven point CLIH scale was treated as 

interval, and, therefore, parametric methods were used.40,41 Ordinary Least Squares was 

employed for EFA; this approach produces solutions very similar to maximum likelihood even 
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when the underlying matrices are badly behaved. All EFA analysis was conducted using the 

function ‘fa’ within the ‘psych’ package in R. In order to allow the items to more distinctly group 

into a factor, Varimax rotation, which maximizes the sum of the variance of the squared 

loadings, was applied to the minimum residual solution. EFA was done iteratively. To be 

included, a factor was required to have an eigenvalue greater than 1 and contain at least two 

items with loadings greater than 0.40. At each iteration an item was removed if the item was 

split across factors or if the corresponding factor loading was less than 0.40.

We performed CFA using PROC CALIS procedure in SAS. Model fit was evaluated using 

the comparative fit index (>0.90), Tucker-Lewis Index (>0.80), standardized root mean square 

residual (<0.08), and root mean square of approximation (<0.08).42,43 CFA generates 

standardized path coefficients for each scale item, which represent the strength of association 

of each item with the factor and can be interpreted as factor loadings.  

We conducted several additional tests to assess internal structure. First, given the 

conflicting data regarding two versus three factor models for cognitive load, we compared fit 

for both models to determine if GL was a separate source of variance. Second, to assess 

internal consistency, we examined Cronbach’s alpha. Finally, in order to assess the validity and 

generalizability across various sub-populations, multi-group confirmatory factor analysis was 

utilized. We divided the sample by gender and by role (patient handoff information sender 

versus patient handoff information receiver) and conducted separate sub-group CFA 

Measurement invariance across groups was assessed by examining the invariance of patterns of 

factor loadings. The model was considered to be invariant across the groups if the difference in 

chi-square values between the unconstrained model and the weight constrained model was 

above the 5% significance level.

Relationship to Other Variables. We used two methods to assess relationships to other 

variables. First, we used Pearson’s r to examine the correlation between the global rating items 

and total IL, EL, and GL. Second, we used univariate regression to analyze how each cognitive 

load type varied with level of training and with clinical setting. Because we hypothesized the 

most significant difference to be between interns and all others, we dichotomized the 

respondents accordingly. Similarly, we dichotomized clinical setting into ICU versus other 
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setting because we hypothesized patient complexity to be higher in the ICU. We expected IL, 

EL, and GL to decrease for more advanced trainees and only IL to increase for the ICU.

RESULTS

Of the 1823 trainees invited to participate, 16 had undeliverable email addresses, resulting in a 

pool of 1807 potential participants. We received 693 responses (38.4%), representing all 

training programs in the health system. 231 were randomly assigned to the EFA and 462 to the 

CFA. Table 1 summarizes the characteristics of the respondents. The majority of the 

respondents were in their first three years of residency (78%) with males and females equally 

represented. Most handoffs were at end-of-shift (79%) and occurred in the non-ICU inpatient 

setting (67%). Participants came from all specialties, with the majority representing non-

surgical disciplines (77%). The average number of patients per handoff was 10.3 but with a large 

standard deviation (10.5) indicating substantial diversity across settings. Overall, with only a 

few exceptions, participant characteristics were similar in the EFA and CFA groups. Statistical 

tests indicated significance in the number of handoffs occurring within a surgical service 

(greater proportion in the EFA sample) and in the number of handoffs occurring by a trainee in 

a non-surgical residency program (greater proportion in the CFA sample). About 27% of the 

respondents responded to reminders/invitations four through seven (roughly four to seven 

weeks after the initial invitation). Mean IL, EL, and GL did not differ between the two groups.

Internal Structure

Exploratory Factor Analysis. At the outset, two items were removed (EL2 and EL3) because 

they appeared to be not relevant to the sender role which represented 80% of the participants. 

In addition, three EL items (EL1, EL9, EL12), five IL items (Il1, IL5, IL6, IL9, IL10), and 2 GL items 

(GL5, GL6) were removed sequentially because they performed poorly (i.e., factor loading less 

than 0.40 and/or split across factors). The final model had 16 items (5 IL, 7 EL, and 4 GL) and 

produced a three factor (eigenvalues exceeding 1) model explaining 52% of the total variance. 

(Supplementary Online Appendix 2) Item loadings were high (0.52 to 0.90 for IL, 0.40 to 0.75 for 

EL, and 0.50 to 0.86 for GL) with only one cross-loading higher than 0.3. 

Confirmatory Factor Analysis. Fifty one of the 462 surveys assigned to the CFA were 

incomplete and excluded from the analysis. All factor loadings were well above 0.50 and were 
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statistically significant. (Table 2) Overall means (SD) were 4.76 (2.06) for IL, 2.65 (1.88) for EL, 

and 3.45 (2.29) for GL. Modification indices identified inter-correlation between two pairs of 

items (IL3/IL4 and EL7/EL8). We allowed these two pairs to correlate. In the modified three-

factor model, the goodness-of-fit parameters were all favorable and exceeded our pre-

determined thresholds (Table 3). The correlations between each factor were moderate: ril, el= 

0.40 ; ril,gl= 0.52; and rel,gl= 0.68. (Table 2). Figure 1 depicts the path diagram for the 

measurement model and highlights the factor structure, factor loadings, and correlations 

between the factors.  

Additional internal structure evidence. The goodness-of-fit parameters were superior for the 

three-factor model compared to the two-factor model suggesting that GL was a separate 

source of variance and not nested within IL. (Table 3) Internal consistency of each factor was 

high; Cronbach’s alpha was 0.85 for IL, 0.87 for EL, and 0.91 for GL. Finally, there was no 

difference between the unconstrained models and weight-constrained model for gender (Chi-

square difference = 9.05, df = 13, p-value = 0.77) and role (sender versus receiver; Chi-square 

difference = 17.93, df = 13, p-value = 0.16). The factor structure was stable across these sub-

groups.

Relationship with Other Variables

Pearson’s correlations between the IL, EL, and GL scores and their respective global rating items 

(Table 2) were moderately strong for IL (0.51) and El (0.75) but small for GL (0.22). As predicted 

by CLT, more advanced trainees had lower EL and GL compared to interns. However, IL for 

more advanced trainees was not different. The relationship between cognitive load types and 

clinical setting confirmed the apriori hypotheses.  IL was significantly higher in the ICU 

compared to other settings while there were no differences for El and GL. (Table 4)

DISCUSSION

In this study, we developed and tested an instrument designed to measure cognitive load 

experienced by trainees during patient handoffs. The item development process included a 

number of features that support validity in the content evidence and response process, 

including iterative revisions based on expert input, systematic mapping to CLT and handoff 
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constructs, and multiple cognitive interviews with trainees. The results marshal strong evidence 

supporting the internal structure of the CLIH. EFA produced a three-factor structure with 16 

high performing items. CFA confirmed the superiority of a three-factor model compared to a 

two-factor model with excellent fit indices. In addition, internal consistency was high and the 

factor structure did not differ for female versus male respondents. Finally, with a few 

exceptions to be discussed below, the mean IL, El, and GL scores varied as predicted with other 

variables. There was a particularly robust finding for clinical setting in which GL was significantly 

lower for more advanced trainees. Taken together, these findings are very encouraging and 

support the ability of the CLIH to measure IL, EL, and GL during handoffs. With such a measure 

educators can study tailored handoff interventions. 

While the overall findings provide strong support for the CLIH, there were two specific 

results that were not expected. First, IL did not decrease for more advanced learners. In looking 

at the mean IL by each level of training, it appears that IL decreases modestly from intern year 

until the end of residency but then increases during the first year of fellowship. This finding 

likely reflects how the transition from senior resident to first year fellow puts the trainee in a 

new role and setting where their skills are relatively less developed. However, when we 

examined, in secondary analysis, how IL changes during residency only, the observed decrease 

was not statistically significant. This surprised us. One possible explanation is that as trainees 

advance during residency, their increased expertise is matched with more challenging roles that 

keeps IL more or less constant. The second inconsistent finding relates to the low correlation 

between the global rating item for GL and mean GL. In retrospect, we think this may relate to 

poor construction of the GL global rating item. The focus on ‘activities to better understand the 

patient problems’ may not adequately differentiate between IL and GL. 

This study has several methodological strengths. Although CLT is considered highly 

applicable to patient handoffs, efforts to measure cognitive load have encountered difficulty. 

Two prior studies successfully measured IL but failed to form a stable factor structure for EL in 

either study and reported inconsistent findings regarding whether GL was best understood as a 

separate factor or nested within IL.26-28 This study’s success in measuring the three types of CL 

may be due to three key differences from the prior studies. First, item development included 
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systematic mapping to CLT and handoff constructs and iterative revisions based on input from 

many experts. Second, in this study, we engaged in extensive evaluation of the response-

process through numerous think-alouds, both with small groups and individuals. This process 

enabled us to identify and address multiple instances where the wording of the item was either 

confusing to trainees or interpreted in a manner different from what was intended. Finally, 

unlike the prior two studies which measured cognitive load in the context of simulated 

handoffs, this study asked trainees to complete the instrument after actual handoffs. This may 

have especially influenced the performance of the extraneous load items, since both prior 

studies on handoffs occurred in the context of simulations that intentionally removed 

distractions and other sources of extraneous load.27,28 These methodological strengths may be 

helpful to the future development of medical education instruments in general and CLT 

inventories in particular.

This study also has important findings for CLT. Based on both empirical and theoretical 

research, it was plausible that either a four-factor model (where the internal distraction items 

form a separate factor in addition to IL, EL, and GL), three-factor model (including IL, EL, and GL) 

or a two-factor model (including only IL and EL) would provide the best fit for the data.20,25,44 

The superiority of the three factor solution has two significant implications. First, the internal 

distraction and interpersonal friction items loaded onto EL and did not form a separate factor. 

This opens up an entirely new dimension for investigating EL. To date, EL has been understood 

as mostly related to task design and more recently the environment (e.g., interruptions).19,25 

These results suggest that internal distraction (e.g., worries or self-consciousness and 

interpersonal friction (e.g., annoyance with the style of another person) contribute to EL. 

Future research should examine to what extent these factors influence learning and 

performance.  

Second, researchers currently debate whether to conceptualize germane load as a third 

type of cognitive load distinct from intrinsic and extraneous load or as a subset of intrinsic 

load.20,45-47 Many of the CLT researchers are now advocating for a two-factor model that 

understands GL as a component of IL.25 In contrast, this study’s results were most consistent 

with a three factor model. Interestingly, the only other instrument developed specifically for a 
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medical education context is one that measures cognitive load during colonoscopy.26 That 

measure also demonstrated three factors. While these results challenge the two-factor 

proponents, it is important to note that the third factor in both this and the colonoscopy study 

may not represent GL but another construct. GL, by definition, enhances learning. Examples of 

means to promote germane load include instructional design (e.g., interleaved practice 

compared to blocked practice) or prompting generative processes (e.g., self-explaining, or 

elaborating) 48. Future studies can address this question by evaluating whether learning 

improves with instructional techniques that impact GL but not IL. Such studies must be careful 

to differentiate performance from learning and would be best to utilize outcomes that measure 

the impact of a technique several weeks later in a different context.

Finally, this study has implications for handoff research and educational practice. The 

CLIH can help researchers and educators identify strategies that improve learning and reduce 

errors during handoffs. With a measure that can differentiate cognitive load types, future 

studies will be able to identify to what extent a given handoff intervention effects each type of 

cognitive load. For example, to what extent does training monitoring one’s understanding of 

the patients being discussed lead to higher GL? Do mindfulness techniques or deep breathing 

lead to reduced EL during handoffs? Does titrating patient complexity of a handoff panel to a 

resident’s experience lead to less errors and/or improved learning?  A tool like the CLIH allows 

practitioners to determine whether a given intervention or bundle of interventions influences 

IL, EL, and/or GL in the desired directions. Moreover, learners could complete the tool after 

handoff to help them identify by themselves or with the aid of a coach what was difficulty and 

how they might improve in their management of IL, EL, and GL.

The study has several limitations. The study’s response rate is less than 40%. We do not 

know whether non-responders were different from responders. In addition, the study occurs in 

a single health system. However, this single health system is diverse and participants in the 

study came from multiple specialties and hospitals. The participants were only residents and 

fellows so we do not know how this instrument functions with students or faculty. Future 

studies should evaluate the stability of the factor structure in other populations and settings. 

Also, the CLIH is based on learner recall after the fact. More than a third of the participants 
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completed the survey more than 24 hours after handoff. This is a significant length of time and 

introduces recall biases. For example, if transient but significant events such as distractions are 

poorly remembered, then the answers may under-report the impact of such factors. However, 

we are reassured by the results of a post-hoc analysis in which we performed sub-group CFA for 

time between handoff and completion of the CLIH (24 hours or less versus more than 24 hours). 

There was no difference in the factor structure between the two groups (Chi-square difference 

= 9.058, df = 13, p-value = 0.769) . 

In conclusion, the CLIH shows evidence of measuring cognitive load types (IL, EL, and GL) 

during patient handoffs within a large sample of trainees from multiple specialties and 

hospitals. Improving handoff instruction requires strategies that reduce EL and optimize IL and 

GL. The CLIH should support such future efforts. The methodology used for the development of 

the CLIH, especially the close attention to response process, may help to improve the 

development of similar instruments in the future. 
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Table 1: Characteristics of the participants

Total (N=693) EFA (N=231) CFA (N=462)
Characteristic

n % n % n %

P-Vaue for 

EFA v CFAi

PGY-1 215 31.02% 83 35.93% 132 28.57% 0.06

PGY-2 180 25.97% 50 21.65% 130 28.14% 0.08

PGY-3 144 20.78% 51 22.08% 93 20.13% 0.63

PGY-4 Residents 50 7.22% 19 8.23% 40 8.66% 0.95

PGY-4 Fellows 29 4.18% 6 2.60% 14 3.03% 0.93

PGY-5 and higher 74 10.68% 22 9.52% 52 11.26% 0.57

Year of training

Missing 1 0.14% 0 0.00% 1 0.22% 1.0

        

Male 344 49.64% 104 45.02% 240 51.95% 0.10

Female 343 49.49% 124 53.68% 219 47.40% 0.15

Other 2 0.29% 2 0.87% 0 0.00% 0.21

Prefer not to answer 3 0.43% 1 0.43% 2 0.43% 1.0

Gender

Missing 1 0.14% 0 0.00% 1 0.22% 1.0
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Table 1: Characteristics of the participants

Total (N=693) EFA (N=231) CFA (N=462)
Characteristic

n % n % n %

P-Vaue for 

EFA v CFAi

Inpatient ICU 90 12.99% 26 11.26% 64 13.85% 0.41

Inpatient non-ICU 463 66.67% 160 69.26% 303 65.37% 0.35

Emergency department 67 9.67% 21 9.09% 46 9.96% 0.83

Ambulatory 28 4.04% 9 3.90% 19 4.11% 1.0

Peri-operative setting 24 3.46% 9 3.90% 15 3.25% 0.82

Othera 13 1.88% 3 1.30% 10 2.16% 0.62

Clinical setting in which 

the handoff occurred

Missing 9 1.30% 3 1.30% 6 1.30% 1.0

        

End of shift 550 79.37% 182 78.79% 368 79.65% 0.86

Transfer to a different 

team within the same 

settingb

35 5.05% 12 5.19% 23 4.98% 1.0

Transfer to a different 

settingc
36 5.19% 14 6.06% 22 4.76% 0.59

End of rotation 61 8.80% 19 8.23% 42 9.09% 0.81

Otherd 2 0.29% 1 0.43% 1 0.22% 1.0

Reason for the handoff

Missing 9 1.30% 3 1.30% 6 1.30% 1.0

        

0 to 24 hours 366 52.81% 119 51.52% 247 53.46% 0.60

24 hours to 5 days 119 17.17% 49 21.21% 70 15.15% 0.07

More than 5 days 204 29.44% 63 27.27% 141 30.52% 0.39

Number of hours since 

completion of the handoff 

Missing 4 0.58% 0 0.00% 4 0.87% 0.38

        

Surgicale 148 21.36% 60 25.97% 88 19.05% 0.04

Non-Surgicalf 533 76.91% 168 72.73% 365 79.00% 0.06

Other 4 0.58% 1 0.43% 3 0.65% 0.54

Specialty of the service in 

which the handoff 

occurred
Missing 8 1.15% 2 0.87% 6 1.30% 0.90

        

Specialty of the trainee Surgicalg 146 21.07% 59 25.54% 87 18.83% 0.05
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Table 1: Characteristics of the participants

Total (N=693) EFA (N=231) CFA (N=462)
Characteristic

n % n % n %

P-Vaue for 

EFA v CFAi

Non-Surgicalh 527 76.05% 163 70.56% 364 78.79% 0.02

Other (Transitional Year) 17 2.45% 8 3.46% 9 1.95% 0.34

Missing 3 0.43% 1 0.43% 2 0.43% 1.0

        

Sender 559 80.66% 178 77.06% 381 82.47% 0.10

Receiver 125 18.04% 50 21.65% 75 16.23% 0.10Role in Handoff

Missing 9 1.30% 3 1.30% 6 1.30% 1.0

        

Number of patients per handoff
Mean (SD): 

10.38 (10.56)

Mean (SD): 

10.66 (11.06)

Mean (SD): 

10.25 (10.31)
0.64

a. Call room, Lecture, Phone, Resident Quarters, Office, Between Shifts

b. For example, transfer from surgery to medicine.

c. For example, transfer from inpatient to outpatient.

d. Afternoon rounding, Communication between team members

e. Anesthesiology, General Surgery, Neurosurgery, Obstetrics and Gynecology, Oral Surgery, Orthopedics, Urology, 

Vascular Surgery

f. Cardiology, Critical Care, Dental, Dermatology, Emergency Medicine, Endocrinology, Ear/Nose/Throat, Family 

Medicine, Gastroenterology, Hematology/Oncology, Internal Medicine, Nephrology, Neurology, Neonatal Intensive 

Care Unit, Ophthalmology, Pediatrics, Pediatric Infectious Disease, Palliative Care, Physical Medicine and 

Rehabilitation, Podiatry, Pulmonary Medicine, Psychiatry, Radiology, Radiation Oncology,  Rheumatology, Surgery 

Intensive Care Unit

g. Anesthesiology, General Surgery, Neurological Surgery, Obstetrics and Gynecology, Oral Surgery, Orthopedic Surgery, 

Plastic Surgery, Thoracic Surgery, Urology, Vascular Surgery

h. Dermatology, Emergency Medicine, Family Medicine, Internal Medicine, Neurology, Neuroradiology, Ophthalmology, 

Oral Pathology, Pathology, Pediatrics, Pediatric Dental Medicine, Physical Medicine and Rehabilitation, Podiatry, 

Psychiatry, Radiology, Radiation Oncology

i. P-Values are for chi square tests for proportions and t tests for means
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Table 2 – Confirmatory Factor Analysis Results

Item # Item Mean (SD)
Factor 

Loading

Standard 

Error
P-value

INTRINSIC LOAD: Please rate your agreement with the following statements regarding the handoff 

you have completed:

IL 2 The patient problems were complex 5.34 (2.45) 0.62 0.03 <0.0001

IL 3a The handoff included significant clinical decision(s) that needed to be made 4.99 (2.65) 0.49 0.04 <0.0001

IL 4a The handoff included significant diagnostic and/or treatment uncertainty 4.23 (2.60) 0.53 0.04 <0.0001

IL 7 I had to consider multiple or complex interactions between diseases 4.54 (2.71) 0.92 0.01 <0.0001

IL 8 I had to consider multiple or complex interactions between treatments 4.50 (2.62) 0.93 0.01 <0.0001

Global IL Overall, I found the patient problems difficult to understand. - - - -

Overall Mean for ILb,c: 4.76 (2.06)

 
EXTRANEOUS LOAD: Please rate your agreement with the following statements regarding the 

handoff. These statements are about the environment and your mindset during the handoff:
 

EL 4 The other clinician used jargon out of context 2.37 (2.35) 0.74 0.03 <0.0001

EL 5 I was distracted by the other clinician’s attitude 1.96 (2.20) 0.84 0.02 <0.0001

EL 6 I was self-conscious due to who was present 2.41 (2.60) 0.73 0.03 <0.0001

EL 7a I was frequently interrupted (e.g., pages, phone calls, people, etc...) 3.37 (2.79) 0.56 0.04 <0.0001

EL 8a Noise made it difficult to concentrate 3.00 (2.68) 0.66 0.03 <0.0001

EL 10 During the handoff, important information was not easily available when I needed it 2.56 (2.39) 0.77 0.02 <0.0001

EL 11 I was thinking about things unrelated to the sign-out 2.89 (2.55) 0.60 0.04 <0.0001

Global EL Overall, I found it difficult to focus my attention on the handoff. - - - -

Overall Mean for ELb,c: 2.65 (1.88)
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Table 2 – Confirmatory Factor Analysis Results

Item # Item Mean (SD)
Factor 

Loading

Standard 

Error
P-value

 
GERMANE LOAD: Please rate your agreement with the following statements regarding your mental 

effort during the handoff you have completed: 
   

GL 1 I had to work hard to connect my own medical knowledge to the patient problems 3.18 (2.56) 0.88 0.01 <0.0001

GL 2 I had to work hard to organize the patient information into a coherent clinical picture 3.49 (2.61) 0.87 0.01 <0.0001

GL 3 During the sign-out, I had to work hard to concentrate on how well I understood the information 3.11 (2.53) 0.92 0.01 <0.0001

GL 4 I had to take steps to clarify points of confusion 3.95 (2.65) 0.71 0.03 <0.0001

Global GL Overall, I invested mental effort in activities that helped me better understand the patient problems - - - -

Overall Mean for GLb,c,d: 3.45 (2.29)

Abbreviations: IL=Intrinsic Load; EL=Extraneous Load; GL=Germane Load 

a. Two pairs of items (IL3/IL4 and EL7/EL8) were allowed to correlate.

b. Overall mean = sum of the items answered divided by the number of items answered. 11 point scale (strongly disagree to strongly agree).

c. Cronbach’s alpha: Intrinsic Load = 0.85, Extraneous Load = 0.87, Germane Load = 0.91

d. The correlation between scales are as follows: ril, el= 0.40 ; ril,gl= 0.52; and rel,gl= 0.68
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Table 3: Measures of fit for two-factor and three-factor models

Model χ2, d.f., p-value, Normed χ2 CFI† 
Tucker-Lewis 

Index ᶲ
RMSEA‡ (95% CI) SRMR§

Two-factor model χ2 = 1154.7, d.f. = 103, p <0.0001, Normed χ2 = 11.2 0.74 0.70 0.158 (0.150, 0.166) 0.1026

Two-factor model (modified) χ2 = 907.3, d.f. = 101, p <0.0001, Normed χ2 = 5.32 0.80 0.76 0.139 (0.1313, 0.1479) 0.0993

Three-factor model χ2 = 537.9, d.f. = 101, p <0.0001, Normed χ2 = 5.32 0.89 0.87 0.103 (0.0943, 0.1113) 0.0754

Three-factor model (modified) χ2 = 322.363, d.f. = 99, p <0.0001, Normed χ2 = 3.26 0.95 0.93 0.074 (0.065, 0.083) 0.0735

CFI = comparative fit index; CI = confidence interval; d.f. = degrees of freedom; RMSEA = root mean square error of approximation; SRMR = standardized root mean square 

residual.

* A non-significant (p > 0.05) χ2 suggests the model is an adequate representation of the data. However, with large sample size (> 200), χ2 is almost always significant, making the 

χ2 fit index inappropriate for larger sample size data such as ours. Given the large sample size, the relative (normed) chi-square is recommended. This value equals the χ2 index 

divided by the degrees of freedom. The criterion for acceptance is recommended as less than 5.

† CFI is an estimate of the proportion of sample information explained by the model, and can range from 0 to 1; values above 0.90 are generally considered adequate.

ᶲA Tucker-Lewis Index of .95, indicates the model of interest improves the fit by 95% relative to the null model. This index is preferable for smaller samples. Values above 0.80 are 

acceptable.

‡ RMSEA indicates how well the model fits with the population covariance matrix. The recommended cut-off point for the RMSEA has varied over the years. In the past a value of ≤ 

0.1 was considered acceptable, whereas some scholars have recently proposed a more stringent cut-off of ≤ 0.06.

§ SRMR is the standardized difference between observed and predicted correlations; a value < 0.06 is considered a good fit.
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Table 4. Association of Cognitive Load Types with Level of Training and Clinical Settinga

Intrinsic Load Extraneous Load Germane Load
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beta (SD), p-value beta (SD), p-value beta (SD), p-value

Level of Trainingb

R1 versus all other trainees -0.12 (0.17), 0.49 -0.38 (0.15), 0.01 -1.21 (0.19), <0.0001

Clinical Settingc

All other settings versus ICU 1.18 (0.24), <0.0001 0.06 (0.21), 0.78 0.33 (0.27), 0.22

a. beta calculated from univariate regression analysis

b. Our apriori hypothesis was that IL, EL and GL would all decrease as level of training increases.

c. Our apriori hypothesis was that only IL would increase in the ICU compared to other setting.
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IL2. Patient problems complex 

IL3. Significant clinical decisions 

IL4. Significant dx/treatment uncertainty 

IL7. Multiple/Complex disease interactions 

IL8. Multiple/Complex treatment interactions 

EL4. Jargon out of context 

EL5. Distracted by other clinician’s attitude 

EL6. Self-conscious due to who present 

EL7. Frequently Interrupted 

EL8. Noise – difficult to concentrate 

EL10. Important info not easily available 

EL11. Thinking about unrelated things 

GL1. Connect medical knowledge to patient 
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GL3. Concentrate on how well understood info 
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Figure 1. Path Diagram for the Cognitive Load Inventory for Handoffs 

Single headed arrows on the left are error terms and on the right are factor loadings; 

double headed arrows are standardized correlation coefficients. 
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