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The personality trait Need for Cognition (NFC) has been studied for many years and
found to be important for individuals’ educational achievement. The original NFC-scale
was developed in the eighties, and during the following decade the scale was translated
and adapted into a number of other languages. A renewed interest for the personality
trait of NFC has made these scales interesting to use. It is though vital that instruments
used for studies of individual differences in the area of educational research, or in any
other area, can portray valid results today. The aim of the present paper was to evaluate
validity and reliability of the short version of the Mental Effort Tolerance Questionnaire,
a Swedish adaption of the NFC-scale made in 1991, which has not been previously
evaluated. This study involved 420 young students, and the evaluation of reliability
includes a study of temporal stability (test-retest), as well as internal stability. Further,
the evaluation of validity includes construct and criterion validity. Regarding reliability, the
results showed a test-retest reliability coefficient of 0.88 (n = 108) and an internal stability
(Cronbach’s alpha) of 0.88 (n = 420). Evaluation of construct validity found evidence for
a five factor dimensional structure (n = 420), discriminant validity to measures of general
intelligence (r = 0.25; n = 122), working memory (r = 0.22; n = 164), and the personality
trait Grit (- = 0.26; n = 169). Finally, criterion validity was found for grades (r = 0.35;
n = 125). Overall, the results of the evaluation show that the inferences made from
the results of the short version of the Swedish NFC-scale exhibits satisfactory reliability
and validity, suggesting that the questionnaire can be used in educational contexts. The
questionnaire might, however, benefit from being even more shortened.

Keywords: personality, need for cognition, grit, reliability, validity, educational achievement

INTRODUCTION

Need for Cognition (NFC) is an individual difference in the “tendency to engage in and enjoy
thinking” (Cacioppo and Petty, 1982, p. 116). NFC, as a concept, has been studied by psychologists
for many years [see, e.g., Maslow (1943) and Cohen et al. (1955)]. The definition has though
changed from the need to understand and make reasonable the experiential world (Cohen et al.,
1955) to the need to engage in and enjoy cognitively demanding activities (Cacioppo and Petty,
1982). In recent years, there has been a revival of interest in NFC. It is expected that individuals
who receive high NFC-scores evaluate and elaborate on information to a higher degree, and they
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also find this process more enjoyable when compared to those
with low scores on the NFC-scale (Cacioppo and Petty, 1982;
Cacioppo et al., 1996). NFC is not considered to be a proxy for
intelligence as it indexes motivation to engage but is most likely
moderately associated with intellectual ability (Cacioppo et al.,
1996; Hill et al., 2013; Preckel, 2014). NFC is also a personality
characteristic that is suggested to be stable over time (however,
possible to mature) and found to be important for, and positively
related to individuals’ performance in an educational context
(Richardson et al., 2012; Meier et al., 2014; Stenlund et al.,
2016). For example, Meier et al. (2014) showed that NFC best
predicted attendance of special classes over and above cogni-
tive ability, academic achievement, sex, and parental level of
education. NFC was also found to be the third strongest non-
intellectual (such as personality traits, motivational factors, and
self-regulated learning strategies) predictor for tertiary GPA ina
recent meta-analysis (Richardson etal., 2012). Further, Stenlund
et al. (2016) showed that individuals with high NFC-scores
benefit more in participating in structured groups discussions
and did in relation to information processing also remembered
more on a subsequent recall task. This result confirmed previous
studies on NFC and information processing [see Cacioppo et al.
(1996) for a review]. Verplanken et al. (1992) did in addition
discover that individuals with high NFC-scores were more
prone to search for new information. The significance of NFC
as a moderator of information processing was also shown in a
study of information search and interactive web pages (Sicilia
et al., 2005).

Cacioppo and Petty (1982) developed a scale to measure NFC,
which has been explored in relation to a variety of individual
differences, such as intelligence, personality, and academic
achievement [see, e.g., Cacioppo et al. (1996), Fleischhauer
et al. (2010), and Preckel (2014)]. The original and short ver-
sion of the NFC-scale is, according to Cacioppo et al. (1996),
reasonable, reliable, and valid. Over the years the NFC-scale
has been adopted and translated into several other languages
[see, e.g., Dornic et al. (1991), Bless et al. (1994), and Curseu
(2011)]. The Swedish adaption of the NFC, the Mental Effort
Tolerance Questionnaire (METQ) was made in 1991 and has not
been psychometrically evaluated since (Dornic et al., 1991). In
the Dornic et al. (1991) study, a short version of the METQ also
was suggested; however, it was neither further examined nor
evaluated. Further, this study only involved 70 participants with
amean age of 30 years, and according to Preckel (2014) NFC has
predominantly been studied in adult groups. Hence, there is a
lack of empirical evidence for the Swedish NFC-scale, and more
research is needed to establish whether the Swedish adaption of
the NFC-scale can portray valid and reliable results in a younger
population, and as such be useful in an educational context. The
main purpose of this study was to examine the quality of the
results from the short version of the METQ in a relatively large
group of young students.

In the present study, the reliability, in terms of temporal and
internal stability, of the results of the METQ was examined,
and further, construct and criteria-related validity. Little atten-
tion has been paid to the NFC-scale’s temporal stability, but
studies found show high stability, i.e., a correlation coeflicient

exceeding 0.80 (Sadowski and Gulgoz, 1992; Bertrams and
Dickhéduser, 2010; Fleischhauer et al., 2015). Based on these
studies we expected high temporal stability (i.e., test-retest
reliability) of the METQ. In contrast to temporal stability,
the internal stability of NFC has been frequently examined,
with most studies showing high internal stability that is above
0.80 [see, e.g., Venkatraman and Price (1990), Cacioppo et al.
(1996), Fleischhauer et al. (2010), and Preckel (2014)]. A
similar result is expected in the present study. With regards to
construct validity, the results of the METQ were expected to be
unidimensional, in line with the original NCF-scale (Dornic
etal., 1991; Cacioppo et al., 1996). However, studies have shown
that more than one factor might be involved [see, e.g., Cacioppo
etal. (1984), Tanaka et al. (1988), and Fosterlee and Ho (1999)],
suggesting that this is not a clear case. For example, Fosterlee
and Ho (1999), who examined the short version of the NFC-
scale, found two factors, while Tanaka et al. (1988) found three
factors when examining the original 34-item NFC-scale. The
latter result was also confirmed by Waters and Zakrajsek (1990).
However, previous studies have often argued for a unidimen-
sional structure based on the findings of a dominant factor and
the proportion variance explained (Fosterlee and Ho, 1999).
In the present study, relationships with other constructs were
also examined as regarding construct validity. First, a measure
of general fluid intelligence was used to examine conceptual
autonomy. The relationship between the METQ and general
fluid intelligence was expected to be relatively weak or moder-
ate, but statistically significant, in line with earlier studies (typi-
cally the coefficients range between 0.20 and 0.30) and theories
about NFC [see, e.g., Cacioppo et al. (1996), Fleischhauer et al.
(2010), Hill et al. (2013), and Preckel (2014)]. Second, another
measure of cognitive ability, a complex working memory
task, was also used to examine the construct validity of the
results of the METQ. Earlier studies (Hill et al., 2013, 2016)
argue that working memory, because of its strong relation
with intelligence, should be associated with NFC. However,
the result from these studies have only shown a weak relation
(r = 0.12-0.13), and we expect to find a similar result in this
study. Third, in the present paper we examined the relationship
between the METQ and Grit, which is another non-cognitive
personality trait predicting success in an educational context.
Grit is defined by Duckworth et al. (2007) as “perseverance and
passion for long term-goals” (p. 1,087). A weak to moderate
positive relation (r = 0.30) between NFC and personality traits,
indicating goal orientation, such as Grit, has been found in
earlier studies (Fleischhauer et al., 2010). We expected a simi-
lar relation, but, as for general fluid intelligence and working
memory, weak enough to show a discrepancy between the two
constructs. Finally, to examine criterion validity, the relation
between the METQ and educational achievement was analyzed.
Cacioppo et al. (1996) argue that the NFC is linked to effortful
cognitive processing, and additional studies have also found
that NFC-scores seem be related to different areas important to
educational achievement, such as comprehension performance
(Dai and Wang, 2007; Braten et al., 2014), and math achieve-
ments (Preckel, 2014). Moreover, recent meta-analytic studies,
primarily examining college students, have found positive
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relations (r = 0.19-0.28) between grade point average and NFC
(Richardson et al., 2012; von Stumm and Ackerman, 2013).
Based on these studies we expected to find a positive relation
between the METQ and educational achievement, as measured
by grades.

METHOD

Participants and Procedure

The participants in this study included students (n = 434) in
upper-secondary schools in the northern part of Sweden. The
data from the participants were collected on three different occa-
sions during the period 2012-2016. The participants’ ages ranged
from 16 to 20 years, and the mean age among the students was
17.2 years (SD = 0.9), with 240 females (55.2%) and 194 males.
The sample was homogenous with respect to ethnicity, and that
they all were enrolled in theoretical upper-secondary programs.
Of the 434 participants, 14 (8 females and 6 males) did not answer
all items in the short version of METQ, and they were therefore
excluded from the analyses.

All participants in the three samples received information
about the aim and procedures of the studies, they signed
an informed consent form, and they all filled in the METQ
questionnaire. The three samples participated in different parts
of the psychometric evaluation of the results of the METQ.
The first sample was part of a larger study about memory
and learning in the autumn of 2012. This sample consisted
of 134 participants (108 girls, 80.5%; mean age: 17.3 years;
SD = 0.60). A part of this sample completed a task that meas-
ured general fluid intelligence (n = 126). Information about
grades from 9-year compulsory school was obtained from 131
of the participants in this sample (the grades were obtained
from the Upper Secondary School Admission Office during
the larger study about memory and learning). Further, in this
sample, test-retest reliability of the METQ was examined, and
108 students completed the short version of the METQ twice
(4 weeks apart). The second sample (n = 119, 64 girls, 54%;
mean age: 17.7 years; SD = 1.00) only completed the METQ
during the period 2014-2015. The third sample consisted of 181
participants (68 girls, 38%; mean age: 16.7 years; SD = 0.75)
and was a part of a larger study about individual differences in
memory and learning. A part of this sample filled in a question-
naire (GRIT-S; n = 170), measuring a different personality trait
related to educational achievements, and completed a complex
working memory task (n = 164).

Instruments

Mental Effort Tolerance Questionnaire

The original 40-item version of METQ, a Swedish adaptation of
Cacioppo and Petty’s original scale—i.e., the NFC Scale (Cacioppo
and Petty, 1982)—was developed by Dornic et al. (1991) and
also considered to be reliable and valid. The short version of the
METQ, suggested in Dornic et al. (1991), consists of 30 items that
are rated on a 5-point Likert-like scale (1 = strongly disagree,
3 = neutral, and 5 = strongly agree). Twelve of the statements
indicated positive attitudes toward engaging and enjoying think-
ing, and 18 indicated negative attitudes. Thus, items that indicated

negative attitudes required reverse scoring in order to conclude
that high scores indicate a high NFC.

GRIT-S

The short version of GRIT (GRIT-S; Duckworth and Quinn,
2009) was used in the present study. The GRIT-S was trans-
lated (and back-translated to ensure quality) from English to
Swedish. GRIT-S contains eight items, half of the items reflect
an individual’s ability to maintain interest (for example, “I often
set a goal but later choose to pursue a different one”) and half
of the items reflects an individual’s tendency to maintain effort
(for example, “T have achieved a goal that took years of work”).
The items are rated on a 5-point Likert-like scale (1 = strongly
disagree 3 = neutral, and 5 = strongly agree). The GRIT-S has
shown to have good reliability and validity (Duckworth and
Quinn, 2009).

Raven Advanced Progressive Matrices

To measure general fluid intelligence, and to further evaluate
the construct validity of the results of the METQ, the Raven
advanced progressive matrices was used, which is a well-known
and standardized instrument (Raven, 1990). The Raven con-
sisted of 36 items, which were divided into 18 odd-numbered
and 18 even-numbered items. One-half of the group completed
the odd-numbered items, and the second half of the group
completed the even-numbered items. All items were presented
with an escalating degree of difficulty. The items consist of 3 X 3
matrices of geometric patterns in which the bottom-right pattern
is missing. Eight alternatives are visible, and the participants are
asked to select the alternative that is missing. The total number
of correct solutions was tallied and represented the participant’s
score.

Operation Span Task

To measure working memory capacity (WMC) a standardized
complex working memory task was used (Unsworth et al., 2005)
denoted as operation span. In the Unsworth et al. (2005) opera-
tion span task, participants are required to perform mathematical
operations (processing demand) while retaining letters in long-
term memory (storage demand). The letters to recall consisted of
three sets of each set size, with set size ranging from three to seven
letters. The participants had to recall these letters in the same
order as they were presented. The sum of all perfectly recalled
sets was used as the dependent variable.

Grades

In order to relate the METQ scores to educational achievement
(i.e., to evaluate criteria-related validity), the combined grades
across 16 subjects from the participants’ final (ninth) year in com-
pulsory school were collected. In Sweden, a four-level point scale
(0 = failed; 10 = pass; 15 = pass with distinction; and 20 = pass
with special distinction) was used at this time, and the combined
grades could range from 0 to 320 points.

Data Analysis
The quality of the results of the short version of the METQ was
evaluated using the criteria to determine good reliability and
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validity in psychological and educational tests developed by
the European Federation of Psychologists’ Associations (2013).
According to EFPA, a sample size exceeding 100 is rated as
adequate, and a sample size exceeding 200 is regarded as good,
when examining reliability and validity. The EFPA rates the reli-
ability and validity of studies across a 5-point scale with scores
ranging from 0 to 4 (0 = not possible to rate, 1 = inadequate,
2 = adequate, 3 = good, and 4 = excellent).

The test-retest reliability was evaluated using intra-class cor-
relation in the present study; a correlation coefficient at or above
0.70 was rated as good and above 0.80 as excellent. Internal
consistency was estimated using Cronbach’s alpha; a correlation
coeflicient at or above 0.80 was rated as good and above 0.90 as
excellent. Criteria-related validity was evaluated by calculating
Pearson’s correlation; a correlation coefficient at or above 0.35 was
rated as good and a coeflicient above 0.50 as excellent. Construct
validity was evaluated by examining relationships with other
constructs, exploratory factor analysis, and corrected item-test
correlations. Relationships with other constructs were evaluated
by calculating Pearson’s correlation coefficient. For a correlation
to be rated as adequate convergent validity, a coefficient at or
above 0.55 was needed. Concerning discriminant validity (i.e.,
to be able to distinct one construct from another), EFPA does
not specify a particular coefficient that must be used to rate the
discriminant validity as adequate; overall, the weaker the associa-
tion the better.

To examine the dimensionality of the METQ and whether
the results support the structure of the test (i.e., unidimen-
sionality), the 30 items of the short version of the METQ was
subject to maximum likelihood (ML) factor analyses (Costello
and Osborne, 2005). First, an eigenvalue Monte Carlo simula-
tion (i.e., parallel analysis) using the O’Connor (2000) SPSS
syntax was performed to determine the number of factors that
should be retained. Initially, the Kaiser-Meyer-Olkin measure
of sampling adequacy (KMO) and Bartlett’s test of sphericity
were used to examine whether the data were suitable for factor
analysis. For the KMO, a value of 0.6 or above was considered to
be the minimum, and a significant result (i.e., a p-value of 0.05
or smaller) on Bartlett’s test was needed for the factor analysis to
be considered appropriate (Field, 2013). The initial data analyses
showed that the data were suitable, as the KMO value was 0.88,
and Bartlett’s test of sphericity displayed a statistically significant
result (p < 0.001).

RESULTS
Test-Retest Reliability

Test-retest reliability was estimated through a sample of 108 par-
ticipants, who were asked to re-answer the METQ after a 4-week
interval. The results showed excellent test-retest reliability, with
an intra-class correlation coefficient of 0.88, p < 0.001, an interval
0f 0.83-0.92, and with 95% confidence.

Item Homogeneity and ltem-Total

Correlation
Internal consistency was estimated for the entire group (N = 420),
and for all items in the short version of the METQ, and it was

considered to be good (coefficient alpha = 0.88). Further, all
items—except one—had an item-total score correlation above
0.30. The item-total score correlations ranged from 0.21 to 0.61,
suggesting that the items correlate adequately well, not too high
and not too low, with the total test score (European Federation of
Psychologists’ Associations, 2013).

Dimensionality—Factor Analyses

The parallel analysis extracted five factors (p < 0.05). The
ML factor analysis showed one clearly dominant factor with
an eigenvalue of 7.34, explaining 24.5% of the variance. The
second factor had an eigenvalue of 2.05, the third 1.70, the
fourth 1.51, and the fifth 1.33. Together, these five factors
explained 46.5% of the total variance (see Table 1 for a
presentation of what characterizes the different factors). The
rotated solution (oblique) revealed a structure where some of
the items loaded on more than one factor, and some items did
not load above 0.30 at any factor (Table 1). These latter items
were items such as whether you would describe yourself as an
intellectual or theoretician, whether you prefer assignments

TABLE 1 | Factor loadings for maximum likelihood factor analysis with
promax rotation of the Mental Effort Tolerance Questionnaire scale.

Items Factor1 Factor 2 (to Factor 3 Factor4 Factor 5 (to
(to at all learn new (to think (to think make better
think on  things and fast and ahead decisions

problems think of calculate in and to you need to
or other new ways my head) ponder  think things
things) to solve about the through)
problems) future)

[tem 21 0.77 -0.21 -0.14 0.12 0.01

[tem 1 0.66 0.07 -0.25 -0.08 -0.14

ltem 27 0.60 0.03 -0.04 0.13 -0.03

ltem 7 0.54 —-0.08 0.08 —-0.06 0.02

ltem 282 0.46 -0.06 -0.14 0.01 0.45

[tem 3 0.45 -0.18 0.06 0.03 0.21

[tem 25 0.44 0.22 0.06 —0.01 0.01

[tem 23 0.41 0.04 0.09 0.17 -0.03

ltem 16 0.39 0.29 0.15 -0.13 0.05

ltem 8 0.31 0.12 0.05 -0.03 -0.03

[tem 5 -0.12 0.66 -0.11 0.20 -0.03

ltem 24 -0.26 0.66 -0.038 0.17 0.06

ltem 18 -0.05 0.56 -0.03 0.28 -0.08

ltem 15 0.07 0.55 0.17 -0.15 0.08

[tem 11 0.01 0.53 -0.13 -0.06 0.10

Item 13 0.19 0.44 -0.09 0.14 —0.01

[tem 9 0.15 0.42 0.07 -0.16 0.06

[tem 2 0.22 0.37 0.05 -0.03 0.11

[tem 102 0.29 0.29 0.24 -0.11 -0.05

ltem 172 0.23 0.24 -0.11 0.11 -0.16

ltem 4 -0.01 -0.16 0.83 0.09 -0.04

[tem 29 -0.20 -0.01 0.66 -0.06 0.01

[tem 30 -0.03 —-0.09 0.60 0.15 -0.03

ltem 6% 0.15 0.12 0.27 0.14 -0.02

[tem 142 0.21 0.15 0.24 0.00 —-0.06

ltem 26 -0.04 0.13 -0.02 0.65 0.09

ltem 19 0.08 -0.07 0.09 0.62 0.12

[tem 222 0.31 0.02 0.11 0.36 0.00

ltem 12 0.10 0.08 0.15 0.32 -0.05

[tem 20 -0.14 0.17 -0.01 0.13 0.82

éltems that did not load on any factor or cross-loaded.
Factor loadings >0.30 are in boldface.
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that do not require much thought, and whether you prefer
to work in the same way as you always have.

The dominant first factor made it interesting to further exam-
ine the expected unidimensionality of the METQ. An explora-
tory factor analysis (ML) using latent variable software, Mplus
(Muthén and Muthén, 2015), with the purpose of examining the
model fit indices of the 1-factor model, and also to compare
models, was therefore performed. With Mplus it was possible to
compare models containing one to five factors, and to identify
the model with the best fit. Multiple fit indices were calculated
to provide information for model fit and model comparisons.
The model fit indices used were Chi-square ()?); expected to
be low and non-significant (p > 0.05), CFI; the minimum of
acceptable fit is a value of 0.90, RMSEA; a value of 0.05-0.08
indicates reasonable error of approximation, below 0.05 good
fit, and SRMR; a value below 0.08 is considered acceptable [see,
e.g., Hu and Bentler (1999)]. Table 2 shows that the models are
significantly different (p, < 0.001), and that the unidimensional
model had poor model fit. However, the analysis supported the
results from the parallel analysis and showed that a five factor
model seems to be the most appropriate with regards to the
model fit indices used. Note that none of the models compared
had a non-significant Chi-square result.

Relationships with Other Measurements
of Individual Differences

Raven was used to examine construct validity and whether the
validity of the results of the short version of the METQ might be
adequate. The correlation analysis showed that the relationship
between the results of the METQ and general fluid intelligence,
as measured by Raven, was statistically significant, albeit this
relationship was rather weak, r = 0.25 (n = 122), p < 0.01. This
result reflects discriminant validity rather than convergent valid-
ity according to the EFPA guidelines, supporting a conceptual
autonomy.

O-span was used to examine whether there is a relation
between the results of METQ and WMC. The correlation analyses
showed a statistically significant but relatively weak relationship
between the results of the METQ and WMC, as measured by
O-span, r =0.22 (n = 164), p < 0.01, thus reflecting discriminant
validity.

GRIT-S was also used to examine the construct validity of the
results of the short version of the METQ. The correlation analysis
showed a statistically significant relation between the result of
METQ and GRIT-S scores, r = 0.26 (n = 169), p < 0.01, however
not strong enough to suggest convergent validity (European
Federation of Psychologists” Associations, 2013).

Criterion-Related Validity

Grades were used to examine (concurrent) criterion-related
validity of the results from the short version of the METQ. The
results from the correlation analysis showed that the relation-
ship between the results of the METQ and students’ grades
was statistically significant and very close to 0.35 [r = 0.34
(n = 125), p < 0.01], which is rated as good when examin-
ing criterion validity (European Federation of Psychologists’
Associations, 2013).

DISCUSSION AND CONCLUSION

The focus of the present study was to examine the reliability
and validity of the results of the short version of the METQ,
a Swedish adaptation of the NFC Scale, in a group of young
students. Overall, the evaluation showed that the results of the
METAQ in this group have excellent reliability, good criterion-
related validity, and reasonable construct validity, when related
to the EFPATs criteria.

The results of the short version of the METQ seem to be
stable over time and exhibit internal stability, which is in
accordance with previous studies. For example, Fleischhauer
et al. (2015) found a test-retest correlation of 0.83, and stud-
ies examining internal stability with Cronbach’s alpha have
found that the NFC-scale typically exceeds 0.80 [see, e.g.,
Venkatraman and Price (1990) and Fleischhauer et al. (2010)].
Further, the result of the METQ had a significant, but rather
weak, relationship with general fluid intelligence (r = 0.25) and
working memory (r = 0.22). The weak relationship between
the METQ and fluid intelligence is in line with earlier studies
and theories about NFC [see, e.g., Fleischhauer et al. (2010)
and Hill et al. (2013)]. Fleischhauer et al. (2010) reported a
correlation of 0.25 between NFC and general fluid intelligence,
and Hill et al. (2013) reported an even higher correlation of 0.38.

TABLE 2 | Model comparison and model fit indices for one to five factor models.

Models compared Ay? df p-Value

1-factor against 2-factor 306.59 29 0.000

2-factor against 3-factor 281.77 28 0.000

3-factor against 4-factor 193.20 27 0.000

4-factor against 5-factor 133.98 26 0.000

Model fit %2 (df, p-Value) CFl RMSEA (CI) SRMR
1-factor 1,491.00 (405, p < 0.001) 0.68 0.079 (0.074-0.083) 0.071

2-factor 1,184.41 (376, p < 0.001) 0.76 0.070 (0.066-0.075) 0.059
3-factor 952.64 (348, p < 0.001) 0.82 0.063 (0.058-0.068) 0.049
4-factor 759.44 (321, p < 0.001) 0.87 0.056 (0.051-0.061) 0.042
5-factor 625.46 (295, p < 0.001) 0.90 0.051 (0.045-0.056) 0.036

Clis 90% confidence interval.
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Regarding working memory, the relation found is somewhat
stronger than in earlier studies (Hill et al., 2013, 2016). Hill
et al. (2016) reported a correlation coefficient of 0.13 between
NFC and working memory (O-span). The relationship found
between METQ scores and the results of GRIT-S (r = 0.26)
also supports construct validity. Thus, these two measures of
non-cognitive personality traits, both found to be important
for educational success, are somewhat related, but they do not
measure the same construct. Fleischhauer et al. (2010) reported
r = 0.30 between NFC and the Tridimensional Personality
Questionnaire dimension Persistence, which is in line with
the result in the present study. With respect to grades, the
association with the results of the METQ in this study was
significant and stronger compared to general fluid intelligence
(r = 0.35). Earlier studies have examined the relationship with
grades and found that NFC explains, for example, math grades
over and above intelligence (Preckel, 2014).

These results strengthen the evidence supporting the idea
that the short version of the METQ features reliable and valid
results. However, the examination of the dimensionality of the
results of the METQ does not support the theory of unidi-
mensionality especially well. Even though a dominant factor
accounting for about 25% of the total scale variance was found,
which is in line with earlier studies of the NFC-scale [see, e.g.,
Cacioppo et al. (1984), Verplanken et al. (1992), Sadowski and
Gulgoz (1992), and Bless et al. (1994)], neither the parallel
analysis nor the model comparison supported a unidimensional
solution. The parallel analysis extracted five factors (see Table 2
for a description of the different factors), suggesting multidi-
mensionality rather than unidimensionality in the results of
the Swedish measure of NFC. Possibly indicating that some
caution might be needed when interpreting the results of the
METQ, as the METQ might measure something more than the
original NFC-scale. Especially, the third factor (characterized
by how much you like to calculate in your head and think fast)
seems to be a dimension not found in the short version of the
original NFC-scale (Cacioppo et al., 1996). This might also be
true for the fifth factor only including one item about whether
you make better decision when you think things through. When
examining the rotated factor solution (Table 1) it also becomes
clear that the short version of the METQ might benefit from
being even more shortened. For example, some of the items
loaded above 0.3 on several factors, only one item loaded above
0.3 at the fifth factor, and some items did not load above 0.3
at any factor. If dropping these seven items, and possibly the
three items in the third factor, the dimensional structure (and
construct validity) of the METQ might be improved. It would
also make the scale more economical, and still capture the
essence of NFC.

Still, these findings should be interpreted in the perspective
of methodical limitations. First, although the sample size in the
present study was above the limit recommended by the European
Federation of Psychologists’ Associations (2013), the sample
was—from an ethnicity perspective—rather homogenous, and
there were somewhat more females (about 55%) than males,
which has to be considered when external validity is interpreted.
Second, in all studies, it is always a risk that construct-irrelevant

variance becomes part of the analyses. For instance, filling in
the questionnaire too hastily could reflect respondents’ low
motivation. However, when the instrument was distributed,
the impression was that the students took their time to fill in
the questionnaire, and they did so in a serious manner. Third,
Cronbach’s alpha has been criticized as a measure of internal
consistency, particularly when instruments utilize many items,
when scales exceed 40 items, or when these scales feature highly
inter-correlated items (Field, 2013). In the present study, the
METQ instrument was based on 30 items that were not highly
inter-correlated; therefore, Cronbach’s alpha was considered
to be a reasonable estimate of internal consistency. Finally, the
psychometric evaluation of the METQ has convincingly shown
evidence of discriminant validity, that is the result of METQ
is weakly related to cognitive ability, such as fluid intelligence
and WMC, and to the personality trait of Grit (or persistence).
However, there is a lack of evidence regarding convergent valid-
ity of the results of the METQ. Measures of, for example, other
motivational traits would have been needed to give some insight
in the convergent validity of the METQ. Further, the criterion
used as indicator of criterion-related validity (i.e., combined
grades from the final (ninth) year in compulsory school) might
be questioned as it portrays post-dictive validity rather than
concurrent or predictive validity. The grades were attained
about a year or two before the students participated in this
study. However, post-dictive studies are not unusual according
to the EFPA guidelines (European Federation of Psychologists’
Associations, 2013), and given that the combined grades are
valid, the relation found between the results of METQ and
grades is relevant.

Conclusion

The overall conclusion is that the evaluation of the quality of
the short version of the METQ was found to be acceptable and
therefore applicable for use in an educational context. These
results offer opportunities to carry out further research on
the NFC, using the METQ, and this concept’s importance for
educational attainments in Sweden. With regard to the present
study, and previous studies, it seems reasonable to assume that
individuals with higher NFC will outperform individuals with
lower NFC on school tasks requiring a lot of thinking, such
as mathematical problem solving, reading comprehension, and
natural science issues, but not on tasks that are less effortful
(Leone and Dalton, 1988). In a recent publication (Luong et al.,
2017) it was shown that the association between NFC and
academic achievement increases from grade 3 to grade 9. To
the extent that NFC is important already at elementary school
level (or even earlier) and that NFC is regarded as a trait-based
characteristic a question arises; is it possible to encourage and
improve NFC in an early age and maintain this disposition
over the school years? Cacioppo et al. (1996) showed in their
review that individuals with high NFC experience more cognitive
effort and engaged in more thoughts than those with low NFC.
However, when situational factors required considerable mental
effort, the individuals with low NFC reported equal high or even
higher effort. Given the validity of these finding the answer to the
question is yes—NFC can be improved. However, it will require
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an understanding among educators that NFC is an individual
difference characteristic, and that the situational factors has to
be explicit in terms of how and when mental engagement and
effort is expected, otherwise some of the students will choose
not to engage in cognitive elaboration and thinking. Ultimately,
measures of NFC can provide unique information that can be
complementary to other measures or information, and thus,
be useful for understanding student’s progress. It is however
important to note that there is a need to replicate the results
found in the present study in other age groups and in more
representative samples.
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