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1  | INTRODUC TION

Cognitive load (CL) refers to the total amount of cognitive resources 
that a person needs to process cognitive activities, and the capacity 

of cognitive resources is limited while executing complex activities, 
with a particular focus on maximal cognitive resources (Sweller, 1988; 
Sweller, Van, & Paas, 1998). Appropriate CL has been identified as 
very important for occupations that require extensive use of cognitive 
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Abstract
Aim: To translate the instrument for measuring different types of cognitive load 
(MDT-CL) into Chinese and assess the reliability and validity of the Chinese version 
of the MDT-CL.
Background: The MDT-CL is needed for hospital administrators to identify which 
nursing staff are prone to high cognitive load and to provide tailored interventions 
for specific types of cognitive load.
Methods: The MDT-CL was translated into Chinese using forward and back transla-
tion, cultural adaptation and pilot tested. The reliability and validity of the instrument 
were assessed with intensive care unit (ICU) nurses in three tertiary hospitals in China.
Results: A total of 222 ICU nurses were recruited. The scale-content validity index 
of the Chinese version of the MDT-CL was 0.966. Confirmatory factor analysis in-
dicated that all the goodness-of-fit indicators were acceptable. Cronbach's α coef-
ficient was 0.818. Test–retest reliability was 0.785.
Conclusions: The Chinese version of the MDT-CL is a valid and reliable instrument for 
evaluating the cognitive load of ICU nurses in China.
Implications for nursing management: The validated Chinese version of the MDT-CL 
is a feasible, quantitative tool for evaluating different types of cognitive load in busy 
clinical practice, suggesting significant clinical application value.
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resources to perform the work efficiently (Mohammadi, Mazloumi, 
Kazemi, & Zeraati, 2015; Pawar, Jacques, Deshpande, Pusapati, & 
Meguerdichian, 2018). Cognitive overloads, which exceeds one's cog-
nitive resource capacity, are often related to lower speed of receiving 
and processing information, decreased capacity of cognitive resources 
and poor performance during work (Kirschner, Sweller, Kirschner, 
& Zambrano, 2018; Vogels, Demberg, & Kray, 2018; Watanabe & 
Yamauchi, 2018).

Nursing care in the intensive care units (ICU) is characterized by 
extremely demanding caseloads, performance of complicated activi-
ties and making complex decisions (Mohammadi et al., 2015), leading 
to high CL of ICU nurses. One example is the complex care required in 
ICU delirium prevention and management interventions. ICU delirium 
is a common complication of ICU patients with a high incidence of 
70% to 87% (Klein et al., 2014) and associated with longer hospital 
length of stay (LOS) and increased mortality (Barnes-Daly, Phillips, & 
Ely, 2017; Devlin et al., 2018). Guidelines recommend use of the bun-
dle intervention as a way to prevent and manage ICU delirium (Devlin 
et al., 2018). However, adherence to the delirium bundle interventions 
is suboptimal in routine clinical care, and the mainly possible reason is 
that the bundle intervention can cause high CL (Morandi et al., 2017). 
Therefore, we chose delirium care rather than other aspect of patient 
care to study the CL.

Higher CL is a major concern reported by ICU nurses in clini-
cal care, which negatively impacts nurses and their patients 
(Mohammadi et al., 2015). High CL, which can lead to psychologi-
cal distress and mental fatigue (Duhoux, Menear, Charron, Lavoie-
Tremblay, & Alderson, 2017; Sonmez, Oguz, Kutlu, & Yildirim, 2017; 
Wheelock et al., 2015), is detrimental to the performance of activ-
ities (Watanabe & Yamauchi, 2018), impedes opportunities for ac-
quiring knowledge (Song et al., 2014; Starmer et al., 2014), results in 
poor patient outcomes and compromises patient safety (Watanabe 
& Yamauchi, 2018; Wheelock et al., 2015).

Considering the negative consequence of high CL, it is im-
portant to assess different types of CL and to provide tailored 
interventions for reducing the CL (Duhoux et al., 2017). The as-
sessment methods of CL have been separated into physiological, 
and dual-task paradigm and psychometric measures (Naismith & 
Cavalcanti, 2015). Physiological parameters (e.g. heart rate vari-
ability, electroencephalography) are affected by many factors (e.g. 
emotions, workload); therefore, physiological parameters’ results 
are difficult to measure accurately (Naismith & Cavalcanti, 2015). 
Additionally, dual-task paradigm parameters are often assessed in 
a laboratory and therefore not practical for routine use in the clin-
ical practice. Whereas psychometric scales are less expensive and 
simpler to use, subjective assessment is still the most commonly 
used method to measure CL (Naismith & Cavalcanti, 2015; Sonmez 
et al., 2017), such as Paas's self-rating scale (Paas, Merrienboer, 
& Adam, 1994) and the National Aeronautics and Space 
Administration-Task Index (NASA-TLX) (Hart & Staveland 1988; 
Paas et al., 1994; Sonmez et al., 2017). These assessment tools are 
used to measure overall CL, and they do not effectively distinguish 

different types of CL (Leppink, Paas, Vleuten, Gog, & Merrienboer, 
2013). Cognitive load is composed of three domains: intrinsic CL, 
extraneous CL and germane CL (Paas et al., 1994). Intrinsic CL is 
generated by the information elements in cognitive activities and 
their interaction during cognitive processing (Scheiter, Gerjets, 
& Catrambone, 2006) and can be affected by the difficulty of a 
given activity and the prior knowledge of the activity performer 
(Hsieh, Hsu, & Huang, 2016). Extraneous CL refers to the cogni-
tive resource allocated to deal with irrelevant cognitive activities, 
which is caused by suboptimal instructional methods, the unclear 
instruction will interfere activities completion (Scheiter et al., 
2006). Germane CL involves storing new information in long-term 
memory, which allows for individuals to concentrate more on exe-
cution of activities (Sweller et al., 1998). Therefore, an instrument 
which can measure the three different types of CL is needed to 
provide targeted interventions for the specific types of CL and 
hence improve the CL of the study subjects.

Leppink and colleagues (Leppink et al., 2013) developed a ten-
item scale for measuring different types of cognitive load (MDT-CL), 
a three-component scale was established by principal component 
analysis and confirmed by a confirmatory factor analysis (CFA) of 
data from three lectures in statistics that focused on learning the 
topic, formulas, concepts and definitions, and the English version of 
the MDT-CL has a simple structure and a high reliability and validity 
(Leppink et al., 2013). To our knowledge, this tool has not been trans-
lated into Chinese and validated in a Chinese population, which is 
important given the cultural differences between Western countries 
and China. Since the MDT-CL scale is not limited to a specific knowl-
edge domain, it can be modified and replaced according to the re-
searcher's focus of study and task presentation method. Therefore, 
in our study each item revolved around daily care for patients with 
ICU delirium and focused on the CL of ICU nurses during their daily 
usual care in relation to ICU delirium. Thus, the aim of this study was 
to translate the MDT-CL into Chinese and assess the reliability and 
validity of the MDT-CL with nursing staff in China in order to pro-
vide a reliable instrument to effectively evaluate the CL of nurses in 
health care institutions.

2  | MATERIAL S AND METHODS

This study was conducted in two phases: translation (forward and 
back translation, cultural adaptation and pilot testing) and a cross-
sectional study to validate the scale in a Chinese nursing population.

3  | TR ANSL ATION PROCEDURE

3.1 | Forward and back translation

The authors contacted Dr. Leppink by email to obtain permission to 
translate the original MDT-CL into Chinese. We conducted translation 
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according to the translation model proposed by Brislin (1970) for main-
taining both conceptual and linguistic equivalence: forward and back 
translation, cultural adaptation and pilot testing (Brislin, 1970). First, 
two native Chinese-speaking nursing students (one PhD student and 
one master degree student) who are proficient in English translated 
the English version MDT-CL into a Chinese version A and B indepen-
dently, and the research team discussed and modified discrepancies 
items between the two forward-translated versions and integrated 
these changes into the Chinese version C. Second, back translation of 
the Chinese version C was conducted by two bilingual nurse educators 
who were not aware of the original English version. The research team 
compared the back translation version and original English version to 
make appropriate changes on the Chinese version C and then repeated 
translation and back translation until back translation with the original 
MDT-CL to achieved high consistency; ultimately, the Chinese version 
D of MDT-CL was formed.

3.2 | Cultural adaptation

To confirm that the concepts and connotation of each item were 
kept, a panel of six experts (one psychological expert, two clini-
cal nursing experts, two delirium clinician experts and one English 
teacher) and all translators compared the differences between the 
original English scale and the Chinese version D, including linguistic 
and semantic congruence, cultural relevancy and conceptual equiva-
lences. The Chinese version D of MDT-CL was then modified ac-
cording to the different knowledge domain, study participators and 
settings to develop the Chinese version E.

3.3 | Pilot testing

A pilot study was conducted with 30 ICU nurses to ensure that the 
Chinese version E was suitable for the use of clinical nursing staff, 
including the nurses' perception of the simplicity and content un-
derstanding of the scale. In addition, the time spent completing the 
scale was recorded and suggestions for improving each item were 
collected. Based on feedback from the nurses, appropriate modifi-
cations were made to the Chinese version E, leading to the develop-
ment of Chinese version of the MDT-CL.

3.4 | Reliability and validity testing of the Chinese 
version MDT-CL

3.4.1 | Study design and setting

A cross-sectional study was conducted to validate the Chinese ver-
sion MDT-CL in three tertiary hospitals. A convenience sample of 
registered nurses who worked in ICU settings was recruited from 
three large university-affiliated hospitals in Beijing between October 
2018 and March 2019.

3.4.2 | Participants

Nurses were eligible for the study if they (a) had a minimum of 
one-year experience in intensive care; (b) worked full time in the 
unit; and (c) consented to participate in this study. Nurses who 
were on leave for various reasons during the study period were 
excluded. The rule of thumb for calculating the sample size of reli-
ability and validity test of the scale is that at least 10 subjects 
should be allocated for each item (Wilson, Voorhis, & Morgan, 
2007). The Chinese version MDT-CL is composed of 10 items. In 
our study, 20 participants were chosen for each item. In total, 200 
participants were needed. Considering invalid questionnaires, the 
sample size was expanded by 10%, and therefore, 222 participants 
were required.

3.4.3 | Measures

The Chinese version of the MDT-CL
The MDT-CL consists of ten items with three subscales: intrinsic CL 
(items 1, 2 and 3), extraneous CL (items 4, 5 and 6) and germane CL 
(items 7, 8, 9 and 10). Each item is scored from 0 to 10 with anchor 
words (e.g. not at all, completely), the higher the score, the higher 
the CL.

Demographic information collected included the following: age, 
gender, level of education, professional title, years of ICU experience 
and departments.

The National aeronautics and space administration-task load index 
(NASA-TLX)
To determine criteria validity, we compared the MDT-CL with the 
NASA-TLX, which is widely used to assess CL and consists of six di-
mensions (mental demand, physical demand, temporal demand, effort 
demand, performance and frustration demand), and each dimension 
is scored from 0 to 20, the lower the score, the lower the CL (Hart & 
Staveland, 1988). Content validity in the Chinese version of NASA-TLX 
was 0.900, and Cronbach's α values were 0.784, a good consistency 
between each item and the overall scale (Xiao, Wang, Wang, & Lan, 
2005).

Paas's (1992) nine-point scale
Paas's scale is widely used to measure the degree of mental effort 
used when completing an activity and is considered as a reliable es-
timator of overall CL (Ayres, 2006; Paas, Renkl, & Sweller, 2003).

Measurements for the three different types of CL
A nine-point Likert scale was used from 1 (extremely little/low/easy) to 
9 (extremely much/high/difficult). (a)To measure intrinsic CL, a single 
item was adapted from Ayres (Ayres, 2006) and asked “How difficult 
do you think delirium care activities are?”. (b)To measure extraneous 
CL, a single item was adapted from Cierniak et al. (Cierniak, Scheiter, & 
Gerjets, 2009) and asked “How difficult were the instructions for delir-
ium care?”. (c)To measure germane CL, a single item was adapted from 
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Salomon (Salomon, 1984) and asked “How much do you concentrate 
when providing delirium care?”. The three single-item tools were highly 
reliable (Ayres, 2006; Cierniak et al., 2009; Salomon, 1984) and also 
used in the Leppink study as criteria instruments (Leppink et al., 2013).

3.4.4 | Validity and reliability

Content validity, construct validity and criterion validity were used to 
evaluate the validity of the scale. Content validity was based on expert 
consultation (Hair, Black, Babin, Anderson, & Tatham, 2006). The inclu-
sion criteria for the experts included bachelor's degree or above and 
more than 10-year work experience. Reliability is generally evaluated 
by Cronbach's α coefficient and test–retest reliability. The sample size 
of the test–retest reliability was 4 times the number of items (Park, 
Kang, Jang, Lee, & Chang, 2018). Two weeks later after the initial test, 
40 randomly selected nurses from the first test nurses were asked to 
complete the same scale for the second time.

3.4.5 | Data collection

Before study commencement, support for this study was obtained 
from all participating hospitals and nursing supervisors. Convenience 
sampling was used to recruit eligible ICU nurses. The purpose and sig-
nificance of the study, the instrument, and also the anonymity and con-
fidentiality of the data were fully explained to all eligible participants. 
Informed consent was obtained verbally from all subjects prior to com-
pleting the questionnaire. Participation was voluntary, and participants 
were told that they could withdraw from the study at any time without 
consequences. During completion of the questionnaire, the investiga-
tors were available to answer any questions related to the survey.

3.4.6 | Data analysis

The SPSS version 21.0 (SPSS Inc.) was used for data analysis, and 
AMOS 21.0 statistical software for structural equation modelling (SEM) 
was used to explain the relationship among variables. Continuous vari-
ables were described as means and standard deviation (SD) for nor-
mal distributed data and medians and interquartile range otherwise. 
Categorical variables were expressed as frequencies or percentages.

Content validity of the scale was determined with a content va-
lidity index (CVI), based on expert consultation (Hair et al., 2006). 
Confirmatory factor analysis (CFA) was adopted to assess the construct 
validity. The following criteria were used to evaluate model goodness-
of-fit: goodness-of-fit index (GFI) >0.85, comparative fit index (CFI) 
>0.90 and Tucker–Lewis Index (TLI) >0.90, and root-mean-square error 
of approximation (RMSEA) <0.05 indicated that the model was ac-
cepted (Bentler, 1990; Brown, 2006). Chi-squared/degrees of freedom 
(df) ratio (χ2/df) between 1 and 5 indicates a good global fit (Olson, 
Hayduk, & Thomas, 2014). Spearman correlation analysis was used for 
criterion validity and inter-correlations between the items, the factors 
and the total scale. The internal consistency of the scale was deter-
mined by Cronbach's α coefficient, with α value of the total scale better 
than 0.8 is considered good reliability (Terwee et al., 2007). Paired t 
tests were used to assess the relationship and correlation coefficient 
(r) between the test and retest scores, with r > 0.7 considered good 
stability and consistency. All tests were two-tailed, and p-value < .05 
was considered statistically significant.

4  | RESULTS

4.1 | Cross-cultural translation and adaptation

The English version MDT-CL was successfully translated into 
Chinese, and all nurses reported that they were able to answer the 
questions without any difficulties. However, minor modifications in 
wording were made based on different knowledge domains (Table 1). 
For example, “formulas” in items 2 and 9 were changed to “delirium 
prevention or management interventions.”

4.2 | Content validity

Six experts were invited to rate content relevance on each item 
based on a 4-point Likert scale: 1 = not relevant, 2 = weak relevance, 
3 = relevant and 4 = strong relevance. Five females (83.33%) par-
ticipated in the process. Mean age was 45.17 ± 7.08 years. Mean 
work experience was 22.67 ± 7.39 years. Three experts had doc-
toral degrees (50.00%) and the others master's degrees (50.00%). 
The item-level content validity index (I-CVI) was 0.83 ~ 1.00, and 
the scale-level content validity index (S-CVI) was 0.966.

items Original scale Chinese version scale

1, 2, 3, 4, 7, 8, 9, 10 Activity Daily usual care

1, 7 Topic/topics Delirium care activity/activities

2, 9 Formulas Delirium prevention or management 
interventions

3, 10 Concepts and definitions Delirium and risk factors assessment

5 Learning Clinical application

8 Statistics Delirium

TA B L E  1   Modifications of cross-
cultural adaptation
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4.3 | Sample characteristics

A total of 222 questionnaires were administered, and 12 were in-
valid due to missing data. The response rate was 94.59% (210/222). 
A total of 200 (95.24%) were female. Mean age was 30.17 ± 4.27 
(range, 21–45) years old. Mean years of ICU experience was 
7.36 ± 4.61 (range, 1–26) years (Table 2).

4.4 | Construct validity

Exploratory factor analysis (EFA) revealed a three-factor model, which 
showed consistent constructs with the original study, so only CFA is 
reported here (Figure 1). CFA of a three-factor model was performed 
on 210 valid questionnaires and identified that χ2/df was 2.024 (<3.00), 
GFI was 0.942 (>0.85), CFI was 0.980 (>0.90), TLI was 0.972 (>0.90), 
and RMSEA was 0.070 (≤0.08). No model modification was made.

4.5 | Criterion validity

The Spearman correlation analysis revealed that the correlation co-
efficient between NASA-TLX and the Chinese version MDT-CL was 
0.911 (p < .01). The correlation coefficients between NASA-TLX and 
intrinsic, extraneous and germane CL were 0.712, 0.495 and 0.564, 
respectively (p < .01). In addition, the scores between the intrinsic CL 
factor and Ayres's single item were positively correlated (r = 0.772, 
p < .01). Similar results were also found between extraneous CL fac-
tor and Cierniak's single item (r = 0.890, p < .01); germane CL factor 
and Salomon's single item (r = 0.747, p < .01); and overall CL and 
Paas's single item (r = 0.762, p < .01).

4.6 | Internal consistency

Cronbach's α values of the overall Chinese version MDT-CL was 
0.818, and Cronbach's α values for the intrinsic, extraneous and ger-
mane CL were 0.879, 0.878 and 0.946, respectively. Table 3 shows 
the correlations among the three factors and the total scale. The 
correlation coefficient between each subscale was 0.003 ~ 0.367. 
Spearman's correlation coefficient between each item and the over-
all scale ranged from 0.490 to 0.755 (p < .01).

4.7 | Test–retest reliability

There was no statistically significant difference in intrinsic CL 
(p = .645), germane CL (p = .120) and overall CL (p = .161) between 
test and retest scores, and only extraneous CL (p = .011) between 
the two tests revealed differences. The intraclass correlation coef-
ficient of the Chinese MDT-CL after the two-week interval for the 
repeated testing was 0.785 (p < .01, Table 4).

5  | DISCUSSION

To the best of our knowledge, this is the first study to evaluate CL 
of delirium care using the MDT-CL in Chinese hospitals and to re-
port the psychometric properties of this scale. This study serves to 
offer an assessment instrument to measure perceived CL in a large 
sample of 222 Chinese ICU nurses in three hospitals. The results of 
this study demonstrate that the MDT-CL has satisfactory reliability 

TA B L E  2   Characteristics of study subjects

Characteristics

Pilot study Reliability and validity

N = 30 N = 210

Age (years) 33.37 ± 4.58 30.17 ± 4.27

Gender n (%)

Male 3 (10.00%) 10 (4.76%)

Female 27 (90.00%) 200 (95.24%)

Ethnicity n (%)

Han 30 (100.00%) 205 (97.62%)

Mongolian 0 (0.00%) 2 (0.48%)

Manchu 0 (0.00%) 1 (0.95%)

Hui 0 (0.00%) 2 (0.95%)

ICU experience (years) 11.43 ± 4.98 7.36 ± 4.61

Marital status n (%)

Married 24 (80.00%) 129 (61.43)

Single 6 (20.00%) 78 (37.14)

Divorced 0 (0.00%) 3 (1.43%)

Average family income (yuan) n (%)

<3,000 0 (0.00%) 9 (4.29%)

3,000 ~ 8,000 9 (30.00%) 109 (51.90%)

>8,000 21 (70.00%) 92 (43.81)

Education level n (%)

<High school 0 (0.00%) 2 (0.95%)

High school 12 (40.00%) 55 (26.19%)

Bachelor degree 17 (56.67%) 151 (71.90%)

Master degree 1 (33.33%) 2 (0.95%)

Departments n (%)

CICU†  10 (33.33%) 51 (24.29%)

RCU‡  10 (33.33%) 41 (19.52%)

SICU§  10 (33.34%) 83 (39.52%)

NICU¶  0 (0.00%) 35 (16.67%)

Professional Title n (%)

Primary nurse aide 4 (13.33%) 48 (22.86%)

Senior nurse 18 (60.00%) 146 (69.52%)

Supervisor nurse 8 (26.67%) 16 (7.62%)

Average number of 
patients cared for per day

2.93 ± 1.05 2.89 ± 0.89

†Cardiac intensive care unit 
‡respiratory intensive care unit 
§surgical intensive care unit 
¶neurology intensive care unit. 
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and validity among ICU nurses. Most importantly, all participants 
perceived that the scale was user-friendly, the questions were easy 
to comprehend, and it only took 3 to 5 minutes to complete the 
scale. Thus, the MDT-CL is as informative as other indices for CL and 

provides a feasible, quantitative tool for busy clinical practice, sug-
gesting significant clinical application value.

The authors made appropriate modifications according to the 
suggestions from the experts to form the final Chinese version 
MDT-CL. Our results support that the Chinese version scale is ap-
propriate and acceptable for use in settings in China, with good con-
tent validity (Palese et al., 2016).

The construct validity of the Chinese version MDT-CL was exam-
ined with CFA, to confirm whether there was an adequate good fit 
between the hypothesized three-factor model of the Chinese version 
MDT-CL and the data. Prior to CFA, EFA was used to assess whether 
the data met the criteria of a factor analysis. The principal compo-
nent factor analysis extracted a three-factor model namely germane 
CL, intrinsic CL and extraneous CL, which is exactly the same as the 
original study. Therefore, we decided to put entire sample size into 
CFA to confirm the good fit of the three-factor model. It is worth not-
ing that the χ2/df, CFI, TLI and RMSEA statistics demonstrated that 
the three-factor model offered an acceptable fit with the data col-
lected, indicating that the scale has good construct validity (Hooper, 
Coughlan, & Mullen, 2008; Kaya et al., 2018). This level of construct 
validity may benefit the cross-cultural adaptation of the scale (Kaya 
et al., 2018) and enable evaluation of different CL in ICU nurses.

Our results are similar to the original study of the English version 
MDT-CL (Leppink et al., 2013), CFA in the study by Leppink and col-
leagues, which indicated that all the goodness-of-fit indicators were 
acceptable, CFI = 0.995, TLI = 0.992 and RMSEA = 0.035. These 
authors collected data among students in statistics lectures and 
revealed a three-factor model (Leppink et al., 2013). We recruited 
ICU nurses to verify the psychometric properties of the Chinese 
MDT-CL. Despite the differences between the study populations 
and cultural backgrounds, the influence factors of the different CL 

F I G U R E  1   Three-factor model of the 
instrument for measuring different types 
of cognitive load. ICL, intrinsic cognitive 
load; ECL, extraneous cognitive load; 
GCL, germane cognitive load; e, estimate. 
*p < .05 [Colour figure can be viewed at 
wileyonlinelibrary.com]

TA B L E  3   Spearman's correlations between the subscale factors 
representing MDT-CL and the total scale

Factor Total GCL†  ICL‡  ECL§ 

Total 1    

GCL†  0.604* 1   

ICL‡  0.791* 0.317* 1  

ECL§  0.573* 0.003 0.367 1

*correlations are significant at the 0.01 level (two-tailed). 
†germane cognitive load. 
‡intrinsic cognitive load. 
§extraneous cognitive load. 

TA B L E  4   Test–retest correlations of the MDT-CL (n = 40)

Variables

Test Retest

RMean SD Mean SD

ICL†  6.66 2.29 6.78 1.63 0.718*

ECL‡  3.71 2.17 4.30 1.42 0.777*

GCL§  7.27 1.38 7.14 1.10 0.944*

MDT-CL¶  6.02 1.16 6.18 0.87 0.785*

†intrinsic cognitive load 
‡extraneous cognitive load 
§germane cognitive load 
¶an instrument for measuring different types of cognitive load. 
*p < .01 

www.wileyonlinelibrary.com
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are the same (Ceballos-Vasquez et al., 2015; Paas et al., 1994). For 
example, the difficulty of the activity influences intrinsic CL and the 
presentation of the activity influences extraneous CL. Therefore, 
the CFA in our study fully demonstrates that the Chinese version 
MDT-CL maintains good construct validity in the tests of ICU nurses.

While there is a lack of a gold standard instrument to measure 
overall CL and different types of CL, the NASA-TLX commonly 
used in China is regarded as the standard to confirm the Chinese 
version MDT-CL (Xiao et al., 2005). In addition, Paas's nine-point 
scale, which is commonly used in China, is regarded as the standard 
to measure overall CL. Besides that, Ayres, Cierniak and Salomon 
developed three different single items to measure intrinsic, extra-
neous and germane CL, respectively. Significant positive correlation 
between the measures was found, which indicates good criterion 
validity of the MDT-CL. However, the correlation coefficients were 
not good between the NASA-TLX and extraneous CL and germane 
CL (r = 0.495, 0.564, respectively). The possible reason is that NASA-
TLX was more appropriate as a standard instrument to assess overall 
CL, but not for intrinsic, extraneous and germane CL (Sonmez et al., 
2017). Therefore, we used three single items as standard instrument 
to measure three different types of CL.

Good correlation coefficients were found between each factor 
and the overall MDT-CL scale. Our results are in line with the original 
English version (Leppink et al., 2013), which reported that intrinsic 
CL and germane CL were positively related (r = 0.33). Several rea-
sons may help to explain the correlation between intrinsic CL and 
germane CL. First, if a nursing care activity is too easy for a nurse 
(low intrinsic CL), an explanation on how to perform the activity 
in the process is unnecessary and add extraneous CL to the nurse. 
Therefore, few cognitive resources are allocated to germane CL 
(Hsieh et al., 2016). Second, if a nursing care activity is too complex 
for a nurse (high intrinsic CL), cognitive capacity for germane CL ac-
tivities may be limited. Extremely low or high levels of intrinsic CL 
may limit germane CL activity (Hsieh et al., 2016). Therefore, a weak 
positive correlation is expected between intrinsic CL and germane 
CL. The results of our study further confirm the positive correlation 
between the intrinsic CL and germane CL. However, the correlation 
between extraneous CL and germane CL (r = 0.003) in our study is 
different than the original study (r = −0.19). If a nursing care activity 
is presented to a nurse in a simple or familiar way, and there is a 
lower extraneous CL, it seems that the nurse may devote more cog-
nitive resources to germane CL activities (Dal Sasso & Barra, 2015; 
Hsieh et al., 2016). Therefore, extraneous CL and germane CL are 
expected to be negatively correlated. The results of our study do 
not show a negative correlation between extraneous CL and ger-
mane CL. This result may be explained by the fact that in our study 
hospital managers treated ICU delirium with indifference, and a dis-
regard for the problem of ICU delirium by nurse managers resulted in 
a lack of nurses’ knowledge of ICU delirium (Hickin, White, & Knopp-
Sihota, 2017; Rowley-Conwy, 2018). For a nurse with lower delirium 
knowledge, even if an activity has a low extraneous CL, he or she 
still cannot devote more cognitive resources to germane CL activ-
ities due to lack of knowledge. This issue may be the reason why a 

negative correlation between extraneous CL and germane CL was 
not demonstrated.

Regarding the test–retest reliability, the extraneous CL was the 
least stable factor among the three identified factors in the Chinese 
version MDT-CL. The possible reason might include the following: 
(a) there are only three items included in the extraneous CL and 
Leppink et al. (Leppink et al., 2013) indicated that the stability of 
a scale or subscale can be affected when there are only few items 
within a scale or subscale and (b) extraneous CL may vary when the 
participant's emotions (Pawar et al., 2018) or the physical environ-
ment (Aldekhyl, Cavalcanti, & Naismith, 2018) is subject to change. 
Future studies are needed to conduct equivalence reliability for test-
ing the stability of the extraneous CL (Park et al., 2018).

There is thus a compelling need for hospital managers to assess 
the CL of health care workers, and in this study, the MDT-CL was 
translated into Chinese, and the reliability and validity of its clinical 
application were preliminarily evaluated with the attainment of sat-
isfactory results. The validated Chinese version scale in this study 
is supported for use in clinical settings to evaluate nurses for the 
presence of high CL, in particular to monitor different types of CL 
which are caused by a variety of reasons and assess the effective-
ness of interventions for reducing different types of CL (Duhoux et 
al., 2017). Another important implication is that this study provides 
a new method for discussing nurses' CL. This study also provides 
scientific theoretical basis and research direction for the further de-
velopment of CLT in nursing research.

6  | LIMITATIONS

Several limitations of the study should be noted. First, a convenience 
sample was used in only three university-affiliated hospitals in the 
north of China, and also, a relatively small number of males were in-
cluded in our study, which may limit representativeness of the sample 
and the generalization of the results. Nevertheless, the total sample 
size meets the requirement for CFA. Future studies should enlarge the 
sample size and target diverse departments in hospitals in different re-
gions of the country, to further examine whether the Chinese version 
MDT-CL is suitable for use in Chinese culture. Second, we investigated 
only construct validity, criterion validity and internal consistency of the 
MDT-CL scale. Future studies should focus on the predictive validity of 
the scale. Despite these limitations, our study demonstrates that the 
Chinese version MDT-CL is a reliable and valid instrument which can 
be used to evaluate the different types of CL among hospital medical 
workers in Mainland China.

7  | CONCLUSIONS

This study evaluated MDT-CL among Chinese nurses and dem-
onstrated satisfactory psychometric properties with good reli-
ability and validity when applied to measure different types of CL. 
Administrators may use the MDT-CL as an appropriate and effective 
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method to assess the three different types of CL of health care 
workers and to identify individuals who are prone to high CL. This 
assessment can facilitate tailored individual interventions to reduce 
specific types of CL among clinical staff and improve the quality of 
patient care.

ACKNOWLEDG EMENTS
The authors gratefully acknowledge the support from Professor 
Leppink of Maastricht University in the Netherlands for providing 
the cognitive load measurement tools, Karen V. Lamb, Associate 
Professor, College of Nursing, Rush University in the USA for her 
manuscript review, funding support by Grant 71661167008 from 
the National Natural Science Foundation of China and, finally, the 
help from all participating hospitals and nurses in this study.

CONFLIC T OF INTERE S T
We have no conflicts of interest to declare.

ORCID
Ying Wu  https://orcid.org/0000-0002-8633-5404 

R E FE R E N C E
Aldekhyl, S., Cavalcanti, R. B., & Naismith, L. M. (2018). Cognitive load 

predicts point-of-care ultrasound simulator performance. Perspect 
Med Educ, 7, 23–32. https ://doi.org/10.1007/s40037-017-0392-7

Ayres, P. (2006). Using subjective measures to detect variations of in-
trinsic cognitive load within problems. Learning and Instruction, 16, 
389–400. https ://doi.org/10.1016/j.learn instr uc.2006.09.001

Barnes-Daly, M. A., Phillips, G., & Ely, E. W. (2017). Improving hospital 
survival and reducing brain dysfunction at seven california commu-
nity hospitals: Implementing PAD guidelines via the ABCDEF bundle 
in 6,064 patients. Critical Care Medicine, 45, 171–178. https ://doi.
org/10.1097/CCM.00000 00000 002149

Bentler, P. M. (1990). Comparative fit indexes in structural 
models. Psychological Bulletin, 107, 238–246. https ://doi.
org/10.1037/0033-2909.107.2.238

Brislin, R. (1970). Back-translation for cross-cultural research. Journal of 
Cross-Cultural Psychology, 1, 185–216. https ://doi.org/10.1177/13591 
04570 00100301

Brown, T. (2006). Confirmatory factor analysis for applied research. New 
York: The Guilford Press.

Ceballos-Vásquez, P., Rolo-González, G., Hérnandez-Fernaud, E., Díaz-
Cabrera, D., Paravic-Klijn, T., & Burgos-Moreno, M. (2015). Psychosocial 
factors and mental work load: A reality perceived by nurses in intensive 
care units. Revista Latino-Americana de Enfermagem, 23, 315–322. https 
://doi.org/10.1590/0104-1169.0044.2557

Cierniak, G., Scheiter, K., & Gerjets, P. (2009). Explaining the splitatten-
tion effect: Is the reduction of extraneous cognitive load accompa-
nied by an increase in germane cognitive load? Computers in Human 
Behavior, 25, 315–324. https ://doi.org/10.1016/j.chb.2008.12.020

Dal Sasso, G. M., & Barra, D. C. (2015). Cognitive workload of com-
puterized nursing process in intensive care units. CIN: Computers, 
Informatics, Nursing, 33(339–345), E1. https ://doi.org/10.1097/
CIN.00000 00000 000157

Devlin, J. W., Skrobik, Y., Gélinas, C., Needham, D. M., Slooter, A. J. C., 
Pandharipande, P. P., … Alhazzani, W. (2018). Clinical practice guide-
lines for the prevention and management of pain, agitation/sedation, 
delirium, immobility, and sleep disruption in adult patients in the 
ICU. Critical Care Medicine, 46, e825–e873. https ://doi.org/10.1097/
CCM.00000 00000 003299

Duhoux, A., Menear, M., Charron, M., Lavoie-Tremblay, M., & Alderson, 
M. (2017). Interventions to promote or improve the mental health 
of primary care nurses: A systematic review. Journal of Nursing 
Management, 25, 597–607. https ://doi.org/10.1111/jonm.12511 

Hair, J. F., Black, W. C., Babin, B. J., Anderson, R. E., & Tatham, R. L. 
(2006). Multivariate Data Analysis, 6th ed. Saddle River, New Jersey: 
Pearson International Edition.

Hart, S. G., & Staveland, L. E. (1988). Development of NASA-TLX (task 
load index): results of experimental and theoretical research. In: 
Advances in psychology, 52, 139–183. North Holland:Elsevier Science 
Publishers. https ://doi.org/10.1016/S0166-4115(08)62386-9

Hickin, S. L., White, S., & Knopp-Sihota, J. (2017). Nurses' knowledge 
and perception of delirium screening and assessment in the intensive 
care unit: Long-term effectiveness of an education-based knowledge 
translation intervention. Intensive & Critical Care Nursing, 41, 43–49. 
https ://doi.org/10.1016/j.iccn.2017.03.010

Hooper, D., Coughlan, J., & Mullen, M. R. (2008). Structural equation 
modelling: Guidelines for determining model fit. The Electronic 
Journal of Business Research Methods, 6, 53–60.

Hsieh, S. I., Hsu, L. L., & Huang, T. H. (2016). The effect of integrating 
constructivist and evidence-based practice on baccalaureate nurs-
ing student's cognitive load and learning performance in a research 
course. Nurse Education Today, 42, 1–8. https ://doi.org/10.1016/j.
nedt.2016.03.025

Kaya, S., Sain Guven, G., Teleş, M., Korku, C., Aydan, S., Kar, A., … Yıldız, 
A. (2018). Validity and reliability of the Turkish version of the read-
iness for hospital discharge scale/short form. Journal of Nursing 
Management, 26, 295–301. https ://doi.org/10.1111/jonm.12547 

Kirschner, P. A., Sweller, J., Kirschner, F., & Zambrano, R. J. (2018). 
From cognitive load theory to collaborative cognitive load theory. 
International Journal of Computer-Supported Collaborative Learning, 13, 
213–233. https ://doi.org/10.1007/s11412-018-9277-y

Klein Klouwenberg, P. M. C., Zaal, I. J., Spitoni, C., Ong, D. S. Y., van der 
Kooi, A. W., Bonten, M. J. M., … Cremer, O. L. (2014). The attribut-
able mortality of delirium in critically ill patients: Prospective cohort 
study. BMJ, 349, g6652. https ://doi.org/10.1136/bmj.g6652 

Leppink, J., Paas, F., Van der Vleuten, C. P., Van Gog, T., & Van Merrienboer, 
J. J. (2013). Development of an instrument for measuring different 
types of cognitive load. Behavior Research Methods, 45, 1058–1072. 
https ://doi.org/10.3758/s13428-013-0334-1

Mohammadi, M., Mazloumi, A., Kazemi, Z., & Zeraati, H. (2015). Evaluation 
of mental workload among ICU ward's nurses. Health Promotion 
Perspectives, 5, 280–287. https ://doi.org/10.15171/ hpp.2015.033

Morandi, A., Piva, S., Ely, E. W., Myatra, S. N., Salluh, J. I. F., Amare, D., 
… Latronico, N. (2017). Worldwide survey of the "assessing pain, 
both spontaneous awakening and breathing trials, choice of drugs, 
delirium monitoring/management, early exercise/mobility, and 
family empowerment" (ABCDEF) Bundle. Critical Care Medicine, 45, 
e1111–e1122. https ://doi.org/10.1097/CCM.00000 00000 002640

Naismith, L. M., & Cavalcanti, R. B. (2015). Validity of cognitive load mea-
sures in simulation-based training: A systematic review. Academic 
Medicine, 90, S24–S35. https ://doi.org/10.1097/ACM.00000 00000 
000893

Olson, K., Hayduk, L., & Thomas, J. (2014). Comparing two approaches 
for studying symptom clusters: Factor analysis and structural equa-
tion modeling. Supportive Care in Cancer, 22, 153–161. https ://doi.
org/10.1007/s00520-013-1965-6

Paas, F., Renkl, A., & Sweller, J. (2003). Cognitive load theory and instruc-
tional design:recent developments. Educational Psychology, 38, 1. 
https ://doi.org/10.1207/S1532 6985E P3801_1

Paas, F. G., Van Merrienboer, J. J., & Adam, J. J. (1994). Measurement of 
cognitive load in instructional research. Perceptual and Motor Skills, 
79, 419–430. https ://doi.org/10.2466/pms.1994.79.1.419

Palese, A., Comisso, I., Burra, M., DiTaranto, P. P., Peressoni, L., Mattiussi, 
E., & Lucchini, A. (2016). Nursing activity Score for estimating nursing 

https://orcid.org/0000-0002-8633-5404
https://orcid.org/0000-0002-8633-5404
https://doi.org/10.1007/s40037-017-0392-7
https://doi.org/10.1016/j.learninstruc.2006.09.001
https://doi.org/10.1097/CCM.0000000000002149
https://doi.org/10.1097/CCM.0000000000002149
https://doi.org/10.1037/0033-2909.107.2.238
https://doi.org/10.1037/0033-2909.107.2.238
https://doi.org/10.1177/135910457000100301
https://doi.org/10.1177/135910457000100301
https://doi.org/10.1590/0104-1169.0044.2557
https://doi.org/10.1590/0104-1169.0044.2557
https://doi.org/10.1016/j.chb.2008.12.020
https://doi.org/10.1097/CIN.0000000000000157
https://doi.org/10.1097/CIN.0000000000000157
https://doi.org/10.1097/CCM.0000000000003299
https://doi.org/10.1097/CCM.0000000000003299
https://doi.org/10.1111/jonm.12511
https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1016/j.iccn.2017.03.010
https://doi.org/10.1016/j.nedt.2016.03.025
https://doi.org/10.1016/j.nedt.2016.03.025
https://doi.org/10.1111/jonm.12547
https://doi.org/10.1007/s11412-018-9277-y
https://doi.org/10.1136/bmj.g6652
https://doi.org/10.3758/s13428-013-0334-1
https://doi.org/10.15171/hpp.2015.033
https://doi.org/10.1097/CCM.0000000000002640
https://doi.org/10.1097/ACM.0000000000000893
https://doi.org/10.1097/ACM.0000000000000893
https://doi.org/10.1007/s00520-013-1965-6
https://doi.org/10.1007/s00520-013-1965-6
https://doi.org/10.1207/S15326985EP3801_1
https://doi.org/10.2466/pms.1994.79.1.419


     |  285ZHANG et Al.

care need in intensive care units: Findings from a face and content 
validity study. Journal of Nursing Management, 24, 549–559. https ://
doi.org/10.1111/jonm.12357 

Park, M. S., Kang, K. J., Jang, S. J., Lee, J. Y., & Chang, S. J. (2018). Evaluating 
test-retest reliability in patient-reported outcome measures for older 
people: A systematic review. International Journal of Nursing Studies, 
79, 58–69. https ://doi.org/10.1016/j.ijnur stu.2017.11.003

Pawar, S., Jacques, T., Deshpande, K., Pusapati, R., & Meguerdichian, M. 
J. (2018). Evaluation of cognitive load and emotional states during 
multidisciplinary critical care simulation sessions. BMJ Simulation and 
Technology Enhanced Learning, 4, 87–91. https ://doi.org/10.1136/
bmjst el-2017-000225

Rowley-Conwy, G. (2018). Barriers to delirium assessment in the inten-
sive care unit: A literature review. Intensive & Critical Care Nursing, 44, 
99–104. https ://doi.org/10.1016/j.iccn.2017.09.001

Salomon, G. (1984). Television is “easy” and print is “tough”: The differen-
tial investment of mental effort in learning as a function of percep-
tions and attributes. Journal of Educational Psychology, 78, 647–658. 
https ://doi.org/10.1037/0022-0663.76.4.647

Scheiter, K., Gerjets, P., & Catrambone, R. (2006). Making the ab-
stract concrete: Visualizing mathematical solution procedure. 
Computers in Human Behavior, 22, 9–25. https ://doi.org/10.1016/j.
chb.2005.01.009

Song, H. S., Pusic, M., Nick, M. W., Sarpel, U., Plass, J., & Kalet, A. L., 
(2014). The cognitive impact of interactive design features for learn-
ing complex materials in medical education. Computers & Education, 
71, 198–205. https ://doi.org/10.1016/j.compe du.2013.09.017

Sonmez, B., Oguz, Z., Kutlu, L., & Yildirim, A. (2017). Determination 
of nurses' mental workloads using subjective methods. Journal of 
Clinical Nursing, 26, 514–523. https ://doi.org/10.1111/jocn.13476 

Starmer, A. J., O’Toole, J. K., Rosenbluth, G., Calaman, S., Balmer, D., 
West, D. C., … Spector, N. D. (2014). Development, implementation, 
and dissemination of the I-PASS handoff curriculum: A multisite 
educational intervention to improve patient handoffs. Academic 
Medicine, 89, 876–884. https ://doi.org/10.1097/ACM.00000 00000 
000264

Sweller, J. (1988). Cognitive load during problem solving:Ef-
fects on learning. Cognitive Science, 12, 257–285. https ://doi.
org/10.1016/0364-0213(88)90023-7

Sweller, J., Van, M. J., & Paas, F. (1998). Cognitive architecture and in-
structional design. Educational Psychology Review, 10, 251–296. https 
://doi.org/10.2307/23359412

Terwee, C. B., Bot, S. D. M., de Boer, M. R., van der Windt, D. A. W. 
M., Knol, D. L., Dekker, J., … de Vet, H. C. W. (2007). Quality criteria 
were proposed for measurement properties of health status ques-
tionnaires. Journal of Clinical Epidemiology, 60, 34–42. https ://doi.
org/10.1016/j.jclin epi.2006.03.012

Vogels, J., Demberg, V., & Kray, J. (2018). The index of cognitive activity as 
a measure of cognitive processing load in dual task settings. Frontiers 
in Psychology, 9, 2276. https ://doi.org/10.3389/fpsyg.2018.02276 

Watanabe, M., & Yamauchi, K. (2018). The effect of quality of over-
time work on nurses' mental health and work engagement. Journal 
of Nursing Management, 26, 679–688. https ://doi.org/10.1111/
jonm.12595 

Wheelock, A., Suliman, A., Wharton, R., Babu, E. D., Hull, L., Vincent, 
C., … Arora, S. (2015). The impact of operating room distractions on 
stress, workload, and teamwork. Annals of Surgery, 261, 1079–1084. 
https ://doi.org/10.1097/SLA.00000 00000 001051

Wilson, C. R., Voorhis, V., & Morgan, B. L. (2007). Understanding 
power and rules of thumb for determining sample sizes. Tutorials 
in Quantitative Methods for Psychology, 3, 43–50. https ://doi.
org/10.20982/ tqmp.03.2.p043

Xiao, Y. M., Wang, Z. M., Wang, M. Z., & Lan, Y. J. (2005). The appraisal of 
reliability and validity of subjective workload assessment technique 
and NASA-task load index. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za 
Zhi, 23, 178–181. https ://doi.org/10.1111/j.1744-7909.2005.00136.x

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section. 

How to cite this article: Zhang S, Wu Y, Fu Z, Lu Y, Wang Q, 
Mingxuan L. Psychometric properties of the Chinese version 
of the instrument for measuring different types of cognitive 
load (MDT-CL). J Nurs Manag. 2020;28:277–285. https ://doi.
org/10.1111/jonm.12919 

https://doi.org/10.1111/jonm.12357
https://doi.org/10.1111/jonm.12357
https://doi.org/10.1016/j.ijnurstu.2017.11.003
https://doi.org/10.1136/bmjstel-2017-000225
https://doi.org/10.1136/bmjstel-2017-000225
https://doi.org/10.1016/j.iccn.2017.09.001
https://doi.org/10.1037/0022-0663.76.4.647
https://doi.org/10.1016/j.chb.2005.01.009
https://doi.org/10.1016/j.chb.2005.01.009
https://doi.org/10.1016/j.compedu.2013.09.017
https://doi.org/10.1111/jocn.13476
https://doi.org/10.1097/ACM.0000000000000264
https://doi.org/10.1097/ACM.0000000000000264
https://doi.org/10.1016/0364-0213(88)90023-7
https://doi.org/10.1016/0364-0213(88)90023-7
https://doi.org/10.2307/23359412
https://doi.org/10.2307/23359412
https://doi.org/10.1016/j.jclinepi.2006.03.012
https://doi.org/10.1016/j.jclinepi.2006.03.012
https://doi.org/10.3389/fpsyg.2018.02276
https://doi.org/10.1111/jonm.12595
https://doi.org/10.1111/jonm.12595
https://doi.org/10.1097/SLA.0000000000001051
https://doi.org/10.20982/tqmp.03.2.p043
https://doi.org/10.20982/tqmp.03.2.p043
https://doi.org/10.1111/j.1744-7909.2005.00136.x
https://doi.org/10.1111/jonm.12919
https://doi.org/10.1111/jonm.12919

