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Abstract- Given the necessity of executive functioning to perform day-to-day activities, the capacity of
widely-used cognitive screening tools to detect potential executive dysfunctions could have important
meanings for health care practices. Current research on this topic, however, is still scarce and controversial.
The current study is the first of its kind to assess the association between a commonly used cognitive
screening tool with multiple executive measures from two wildly used batteries of executive functioning tests.
The Mini Mental State Examination (MMSE) along with the Delis Kaplan Executive Function System (D-
KEFS) and the Behavioural Assessment of the Dysexecutive Syndrome (BADS) were administered to 73
healthy adults aged 16-40 years (M=24.34, SD=6.53). Most of the relations between the MMSE total score
and the executive measures were significant and in the moderate-to-strong range. The highest correlation of
MMSE was with the BADS total profile score (r= .62, P< .01). In a secondary analysis, among the MMSE
domains, the Attention and Calculation domain had the highest relations with the executive measures. As a
measure of general cognitive ability, the MMSE taps on various basic- and higher-level cognitive processes
interconnected with the multi-dimensional and multi-level executive processing. Thus, empirical separation
of executive measures and general cognitive indices is difficult. Using multiple measures of the executive

functioning could be an effective strategy to better understanding the interconnections.
© 2019 Tehran University of Medical Sciences. All rights reserved.
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Introduction

Executive function (EF) refer to a set of higher-level
cognitive processes including inhibition, working
memory, cognitive flexibility (1,2), attention, reasoning,
planning, problem-solving, and decision-making (3-5).
Executive functions are those abilities that “enable a
person to engage successfully in independent, purposive,
self-directed, and self-serving behaviour” (6), and thus
they have an important role in instrumental activities of
daily living (IADLs) such as bathing, dressing, cooking,
shopping, driving, transferring, financial management,
managing medications, and social relations (7,8). As
such, impairments in executive functioning can have
debilitating effects on everyday activities, as seen in a
variety of clinical groups, even in non-clinical

populations (9). Given the necessity of clinical
management for executive impairments in various
populations, investigation of the capacity of widely-used
screening tools to detect potential EF impairments may
have  clinically  significant  implications  for
neuropsychological practice.

The Mini-Mental State Examination (MMSE) (10) is
one of the most widely used screening tools for global
cognitive functioning. As a screening tool for dementia,
the MMSE originally was developed to evaluate
cognitive impairment in older adults (10,11). Current
literature shows conflicting data upon the utility of using
the MMSE for detecting impairments in executive
functioning. While it has been criticized for its low
sensitivity to EF impairment (12-14), several studies
have demonstrated the association between MMSE and
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special domains within executive functioning (15-17).
For instance, Votruba et al., (17) conducted a cross-
sectional study in a healthy geriatric population showing
cognitive flexibility and response inhibition as a
predictor of higher MMSE score. Similarly, Jefferson et
al., (16) found a statistically significant relationship
between the working memory and motor/construction
domains of the MMSE with performance on tests of
cognitive control.

To date, few studies have investigated the
relationship between MMSE and executive functioning.
To our knowledge, there is no study that has
investigated the association between the MMSE and
multidimensional construct of EF. Our study aimed to be
the first to study the association of the MMSE with
multiple domains of executive functioning using scores
from two of the most commonly used batteries of
executive function tests: Delis Kaplan Executive
Function System (D-KEFS) (18) and Behavioural
Assessment of the Dysexecutive Syndrome (BADS)
(19).

Materials and Methods

Participants

Upon approval from the institutional ethics
committee, a cross-sectional study of 73 healthy young
men was conducted. Inclusion criteria for the study
included Baluch, bilingual men matched
demographically with traumatic brain injury patients in
southeast Iran, with exclusion of individuals with
previous medical/psychiatric conditions (20). The
sample was selected through purposive-homogenous
sampling from five cities in the area.

The participants were in the age range of 16 to 40
years (M=24.34, SD=6.53), with 3 to 12 years of
education (M=9.33, SD=2.47). The study was conducted
in compliance with the Helsinki declaration.

Instruments

Mini-Mental State Examination (MMSE) (10):
MMSE is a brief cognitive screening test that was
originally developed for dementia patients. A validated
Persian version of the test was administered in the
current study (21). The Persian MMSE consists of 19
questions, with a total score of 0 to 30, and takes 5-10
minutes to administer. The MMSE assesses six
cognitive domains: orientation to time and place,
registration, attention and calculation, recall, language,
and visual construction.

Delis Kaplan Executive Function System (D-KEFS)
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(18): D-KEFS is a “greatest hits” collection of
commonly used executive tests (6), composed of nine
stand-alone tests for assessing children and adults aged 8
to 89 years, in both verbal and nonverbal modalities.
The tests are Trail Making Test (TMT); Verbal Fluency
Test (VFT); Design Fluency Test (DFT); Color-Word
Interference Test (CWIT); Sorting Test (ST); Twenty
Questions Test (TQT); Word Context Test (WCT);
Tower Test (TT); and Proverb Test (PT). An adapted
Persian version of the tests (20) was utilized in the
current study. The following primary executive scores
from the D-KEFS tests were included: TMT (Number-
Letter Switching time), VFT (Letter Fluency, Category
Fluency, and Category Switching total correct
responses;  Category  Switching total  switching
accuracy), DFT (Filled Dots, Empty Dots Only, and
Switching  total correct  designs), Color-Word
Interference Test (Inhibition and Inhibition/Switching
time), ST (Free Sorting confirmed correct sorts, Free
Sorting description score, and Sort Recognition
description score), TQT (Initial Abstraction, Total
Questions Asked, and Total Weighted Achievement
scores), WCT (total consecutively correct score), TT
(total achievement score), and PT (Free Inquiry and
Multiple Choice total achievement scores).

Behavioural Assessment of the Dysexecutive
Syndrome (BADS) (19): The BADS is a test battery
designed to predict everyday dysfunctions that arise
from the dysexecutive syndrome. The battery possesses
very high ecological validity (22); In order to address the
problem of low ecological validity of traditional
executive tests, it assesses executive skills and demands
similar to everyday activities, while maintaining a
structured format. It is composed of six tests: Rule Shift
Cards, Action Program, Key Search, Temporal
Judgment, Zoo Map, and Modified Six Elements.
Validity and reliability of the BADS have been
supported in different studies (23). Our study utilized a
translated version of the BADS tests (20), including
profile scores of the following tests: Rule Shift Cards
(RS), Key Search (KS), Zoo Map (ZM) and Modified
Six Elements Task (6E). We added up the profile scores
of the four tests to obtain a BADS total profile score
(BADSA4t).

Data collection and Analysis

The MMSE, D-KEFS, and BADS tests were
respectively administered to all the 73 participants. The
participants were individually tested in a quiet,
distraction-free room over a session lasting between 2-3
hours with a 20-minute break after the first five tests.



Two of the less psychometrically established D-KEFS
tests were made optional (WCT and PT) and were
placed at the end of the protocol, in order to alleviate the
impact of cognitive fatigue and interest/effort reduction.
Therefore, after administering the MMSE, the following
tests were administered in the standardized order with an
exception. First, the D-KEFS TMT, VFT, DFT, CWIT,
ST, TQT, and TT were consecutively administered,
followed by the BADS RS, KS, ZM, and 6E tests, and
concluded with the optional tests: D-KEFS WCT and
PT. Of the 73 participants, 28 individuals did not
respond to the two optional tests. There were no
significant differences between the two groups of
participants on the other D-KEFS and BADS tests.
Descriptive and correlational —analyses were
performed on the data using SPSS software (IBM,
version 24). Pearson correlation coefficients were
calculated to assess relations between the MMSE
measures and the selected executive measures from D-
KEFS and BADS. For those measures where the data
were not normally distributed (the D-KEFS PT Multiple
Choice total achievement score, the profile scores of the
BADS subtasks, and the MMSE domain scores),
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nonparametric (Spearman’s rho) correlations were
calculated. The correlations were interpreted according
to the following general labels (24): weak (r< .30),
moderate (.30<r <.50), and strong (r>.50).

In a subsequent secondary/exploratory analysis, we
calculated the Spearman’s rho correlations of the MMSE
domains with the EF measures. Of the six MMSE
domains, the correlation coefficients were computed for
five domains. The coefficient was not computed for the
Registration domain, because of restricted range of the
current sample’s performance scores on this domain.

Results

The data were normally distributed for most of the
primary scores. No statistically significant association
for key demographic variables, such as age and
education were observed. Descriptive statistics (mean
and standard deviations) are presented in table 1. Table
2 shows the correlations between the MMSE measures
and the selected executive measures from the D-KEFS
and BADS tests.

Table 1. Descriptive statistics for MMSE, D-KEFS, and BADS

Measures Mean SD
D-KEFS
Trail Making 4: Number-Letter Switching time (s) 116.49 54.31
Verbal Fluency 1: Letter Fluency, Total Correct 26.53 9.61
Verbal Fluency 2: Category Fluency, Total Correct 45.15 9.57
Verbal Fluency 3: Category Switching, Total Correct Responses 15.11 3.16
Verbal Fluency 3: Category Switching, Total Switching Accuracy 14.33 3.31
Design Fluency 1: Filled Dots, Total Correct 9.27 3.02
Design Fluency 2: Empty Dots Only, Total Correct 10.19 3.58
Design Fluency 3: Switching, Total Correct 7.85 2.30
Color-Word Interference 3: Inhibition, Mean Reaction Time (ms) 1019.09 364.66
D-KEFS Color-Word Interference 4: Inhibition/Switching, Mean Reaction Time (ms) 1784.10 519.28
Sorting 1: Free Sorting, Confirmed Correct Sorts 8.29 2.42
Sorting 1: Free Sorting, Description Score 30.36 9.45
Sorting 2: Sort Recognition, Description Score 30.30 8.82
Twenty Questions: Initial Abstraction Score 29.01 1111
Twenty Questions: Total Questions Asked 29.86 10.57
Twenty Questions: Total Weighted Achievement Score 14.32 3.72
Word Context: Total Consecutively Correct 22.24 7.14
Tower: Total Achievement Score 16.11 3.90
Proverbs 1: Free Inquiry, Total Achievement Score 23.27 5.54
Proverbs 2: Multiple Choice, Total Achievement Score 28.84 4.72
BADS
Rule Shift Cards, Profile Score 3.26 0.80
Key Search, Profile Score 2.62 1.24
BADS Zoo Map, Profile Score 2.78 1.11
Modified Six Elements, Profile Score 3.41 0.77
BADS4t (BADS Total Profile Score—4subtest) 12.07 2.89
MMSE
Orientation 9.37 0.69
Registration 3.00 0.00
Attention and Calculation 4.19 111
MMSE Recall 2.49 0.63
Language 7.82 0.38
Copying 0.97 0.16
MMSE Total 27.88 1.57

Abbreviations: D-KFES= Delis-Kaplan Executive Function System; BADS= Behavioural Assessment of the Dysexecutive Syndrome; MMSE =
Mini Mental State Examination; RT= Reaction Time; s= seconds; ms= milliseconds
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Table 2. Correlations between MMSE, D-KEFS, and BADS selected measures

significant and in the moderate-to-strong range. The
highest correlation was between the MMSE total score
and the BADS total profile score (BADS4t; r= .62, P<
0.01). Also, the MMSE total score had strong
correlations with the TT achievement score (r= .59, P<
.01) and the ST sort recognition (r= .59, P<.01).

Among the five MMSE domains, the greatest
association with executive function measures were those
of Attention and Calculation. This domain had positive,
moderate associations with BADS4t (rho= .45, P< .01),
and with all the BADS subtests (.30 <rho< .38, P< .01),
indicating that high performance on the Attention and
Calculation domain was related to high performances on
the BADS measures. In addition, this domain
significantly correlated with D-KEFS VFT letter fluency
(rho= .30, P< .01), DFT executive conditions
(conditions 2 and 3, respectively, rho= .26 and .28, P<
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MMSE
>
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Measures 3 z 2 2 @ 3 3 =
g s 23 53 5 B g
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3 5 23 ®
D-KEFS
TMT 4; completion time -.29" b -.16 -.16 -21 -.25 -.48
VFT1, letter fluency, Total correct .02 b .30™ 28" 13 -.00 37
VFT?2, category fluency, Total correct -.06 L -.04 34 .10 -15 14
VFT3, category switching, Total correct responses .02 b .05 14 19 -.03 14
VFT3, category switching, Total switching accuracy .03 b .04 .15 22 -.01 .18
DFT1, filled dots, total correct 29" L 22 14 14 .23 417
DFT2, empty dots only, total correct .16 b 26" 12 .02 .19 36"
DFT3, switching, total correct .06 b 28" 28" 15 -14 31
CWIT3, inhibition, mean Reaction Time -21 b -.07 -.04 -.10 -.07 -32"
D-KEES CWIT4. inhibition/switching, mean Reaction Time -.08 b -.13 -.20 -.02 -.15 -.32
) ST1, free sorting, total confirmed correct sort .30" b 26" .03 17 .03 41
ST1, free sorting, total description score 31 b 327 .00 .16 A1 46™
ST2, sort recognition, total description score 48" b 32" .03 .30" .08 59™
TQT, total initial abstraction score .20 b 21 A1 25" .19 .38™
TQT, total question asked -.09 b -.28" -.01 -12 -.09 -41
TQT, total weighted achievement score .10 b 21 -.05 21 .04 .36™
WCT, total consecutively correct score .36" b 22 21 23 .20 497
Tower Test, total achievement score 29" b .39™ .15 24" .096 59™
PT1, free inquiry, total achievement score .08 b -.08 13 -15 -11 -.00
PT2, multiple choice, total achievement score? 31" b .29 -15 -14 .23 30"
BADS
BADS rule shift cards, total profile score? .35™ b .30" .18 14 .19 46™
BADS key search, total profile score? A1 b 32" .10 .36™ .03 A4
BADS BADS zoo map, total profile score? .09 b .38™ 25" 12 -.02 44"
BADS modified six elements, total profile score? 17 b .38™ 21 12 -.00 AT
BADStotal-4subtest 22 b 45" 22 29" .05 62"
** p< .01. * P<.05.
2 the data were not normally distributed for these variables, and hence nonparametric (Spearman’s rho) correlations were calculated
® the coefficient has not been computed because of restricted range of the scores for the current sample
The findings of this study showed that the .05), TQT total question asked (rho= -.28, P< .05), TT
relationship between the total MMSE score and achievement score (rho= .39, P< .01), and all the
associated executive measures were statistically executive measures of ST (.26 <rho< .33).

The Copying domain of MMSE had a weak, non-
significant correlation with all but one of the EF
measures. It was only significantly correlated with the
TMT primary executive measure (rho= -.37, P< .01).
The Orientation domain of MMSE had a weak, non-
significant correlation with most of the EF measures. It
had a moderate correlation with the BADS rules shift
cards (rho= .35, P< .01) test, PT multiple choice (rho= -
.31, P< .05) and ST (.30 <rho< .48, P< .01) primary
executive measures. Likewise, the Language domain
had weak, non-significant associations with most of the
EF measures. It had moderate correlations only with ST
sort recognition (rho= .30, P< .01) and BADS key
search (rho= .36, P< .01). Finally, the Recall domain
only moderately correlated with VFT category fluency
(rho=34, P< .01); this domain had a weak relationship
with the other EF measures (rho< .30).



Discussion

Recently, the sensitivity of widely-used tools of
cognitive screening in detecting executive deficits have
been questioned. The current study aimed to investigate
the relation between the MMSE, a commonly used
cognitive screening tool, and multiple measures of
executive functioning. For a comprehensive assessment
of the multidimensional construct of executive
functioning, two well-known batteries of executive tests
were applied: D-KEFS, a comprehensive set of
traditional EF tests, and BADS, an ecologically valid
battery of tests important for clinical neuropsychological
assessment.

The results of the present study showed that most of
the relations between MMSE total score and the
executive measures from D-KEFS and BADS were
significant and in the moderate-to-strong range. These
findings are consistent with the results of studies that
have found a relationship between MMSE total score
and measures of executive functioning (e.g., Axelrod et
al., (15); Jefferson et al., (16); McGuinness et al., (25);
Votruba et al., (17)).

Complex executive tasks often involve multiple
executive and non-executive processes, thus it is
plausible to visualize the managerial role of executive
functions within the global network of cognition. In this
view, it is also important to consider the substantial
theoretical, functional, and neuroanatomical overlaps
between executive functions and general cognitive
ability factors (26-29). As a measure of general
cognitive ability, the MMSE taps on various basic- and
higher-level cognitive processes interconnected with
multi-dimensional and multi-level executive processing.
Thus, empirical separation of EF measures and general-
cognitive indices is difficult. Therefore, the observed
relations of the executive measures of planning,
organizing, reasoning, problem-solving, abstract
thinking, and cognitive flexibility with the MMSE total
score in the current study is not surprising. This is not
consistent with the claim that MMSE lacks sensitivity to
executive ability (12-14).

Specifically, among the MMSE domains, the
Attention and Calculation domain had the highest
association with the EF measures. Successful
performance on this MMSE domain needs adequate
capacity of attentional control, one of the core EF skills
(30), when responding to the effortful, non-habitual task
of counting backward. Researchers have argued that all
executive functions share an executive attention
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component (31,32), strongly correlated with many tasks
of higher-level cognition (33). Furthermore, some
studies demonstrated a correlation between EFs and
math skills such as calculation. For example, Lan et al.,
(34), found significant relations between working
memory and inhibition with calculation and counting
skills. Therefore, the Attention and Calculation domain
of MMSE has executive components and is expected to
be empirically related to measures of executive
functioning. Among other MMSE domains, the Recall
domain had a significant, moderate association with an
executive measure having memory/recall demands: the
Category Fluency condition of D-KEFS VFT.
Theoretically, executive function is viewed to be a
separate cognitive domain from memory, language, and
visual construction; thus finding that most of the
associations between EF measures and these MMSE
domains were weak and non-significant in the current
study were not unexpected .

As previously stated, the BADS tests were originally
designed to predict everyday dysfunctions and possess
very high ecological validity. Among the EF measures,
the BADS scores had the highest correlations with
MMSE. This indicates the clinical value of MMSE as a
screening tool, given the importance of management for
everyday dysfunctions in neuropsychological practice.
In line with the current result, McGuinness et al., (25)
found a strong relationship between MMSE total score
and Executive Interview (Exit25) (35) as a tool for
predicting impairments in self-care and functional status.
Previous studies have qualified this finding, showing
strong correlations between cognitive screening tools,
such as the MMSE, with IADLs (36,37,38).
Furthermore, these studies demonstrated that among
various cognitive functions, EFs have the closest
relationship to IADLS

The current study has some limitations. First, given
that the normal sample in the study of Ghawami et al.,
(20) was selected based on the MMSE total score of 25
or above, as an inclusion criterion, the range of MMSE
score for the current study was limited. Therefore,
cautions must be taken when interpreting the results of
the current study, particularly for the MMSE domains.
Second, no clinical comparative groups were included in
the current analyses. The inclusion of clinical samples in
the future research may provide beneficial information
for better discovering the nature of the relationships and
also can resolve the problem of restricted range. Third,
being the normative sample for an Iranian brain injured
papulation, the current participants were
demographically restricted, and hence generalization of
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the current results to other demographic populations
needs to be investigated in future studies .

Despite the limitations, our research was the first to
study the relation between MMSE and multiple
executive measures from two of the commonly used test
batteries of executive functioning. Our results showed a
statistically significant correlation between the MMSE
total score and EF domains in the moderate-to-strong
range. This indicates the capacity of MMSE to detect
potential EFs impairments and could have important
meanings for neuropsychological practice.
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