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Abstract:

The Barratt Impulsiveness Scale (BIS) is a widely used tool for measuring impulsivity and has
been influential in shaping current theories of impulse control. Studies have found that BIS
factor structures can vary between different populations. The present study examined the factor
structure of the widely used shortened form of BIS (BIS-15) within an early adolescent
population. The BIS-15 has fifteen questions thought to assess three factors of impulsivity: non-
planning, motor, and attentional impulsivity. This study applied confirmatory factor analysis to a
cross-sectional sample of 612 middle school students in grades six through eight. The published
factor structure of the BI1S-15 was not supported in the current study without modifications. The
model fit was inadequate, and the structure suffered from discriminatory and convergent validity.

Modifications to specific questions and future direction for the study were offered.



1.

Introduction

Impulsivity is defined as “a predisposition toward rapid, unplanned reactions to internal
or external stimuli without regard to the negative consequences of these reactions to the
impulsive individuals or to others” (Moeller et al. 2001). High level of impulsivity is
associated with various psychopathologies including substance use disorder, conduct
disorder, delinquency, and certain attention-deficit/hyperactivity disorder (ADHD)
subtypes (White et al., 1994; Luman et al., 2010; Robbins et al., 2012; Weafer et al.,
2014; Lavender and Mitchell, 2015; Meule and Platte, 2015). In contrast, low level of
impulsivity has been associated with compulsivity, obsessive compulsive disorder, and
food-restricting types of anorexia nervosa (Fineberg et al., 2010; Dalley et al., 2011,
Lavender et al., 2017). All individuals are expected to fall somewhere on the spectrum of
impulsivity, even in the absence of clinical symptoms or diagnosis. Beyond clinical
pathology, impulsivity may also affect daily health decision-making such as postponing
exercise or choosing poor diet options (Sarmugam & Worsley, 2015; Van Beurden et al.,
2016; Kotbagi et al., 2017). Higher impulsivity is associated with lower science self-
efficacy and reduced interest in STEM fields (Science, Technology, Engineering and
Math; Marriott et al., 2019), suggesting adolescents’ academic beliefs and interests may

be influenced by non-clinical levels of impulsivity.

One of the most widely used self-report tools for assessing impulsivity is the Barratt
Impulsiveness Scale (Stanford et al., 2009). The most recent version is the BIS-11, which
includes 30 items (Patton et al., 1995). The BIS-15 was shortened from the BIS-11 and
includes 15 items (Spinella, 2007). BIS-15 was identified to contain a three-factor

structure, which represent as three different facets of impulsivity. These factors are non-



planning impulsivity (lack of forethought), motor impulsivity (acting without thinking),

and attentional impulsivity (inability to focus) (Spinella, 2007).

The three-factor structure of the BIS-15 was largely replicated in other languages and
populations (Orozco-Cabal et al., 2010; Meule et al. 2011; Rousselle & Vigneau, 2016;
Bhat et al., 2018; Wang et al., 2019; Juneja et al., 2019; Meule et al., 2020). However,
results are inconsistent as some items loaded onto different factors compared to the
proposed structure. The BIS-15 has most largely been tested in both clinical and non-
clinical population of young adults and adults. However, it has not been tested in
adolescent population. This study tested the proposed BIS-15 factor structure in a large
sample of middle school students. The model will be tested with three first-order latent

factors which represents the subscale non-planning, motor, and attentional impulsivity).

Methods

2.1  Participants

This project was overseen by Oregon Health & Science University’s (OHSU)
Institutional Review Board (IRB, protocol #3694) who approved the study. One middle
school was recruited to participate in the current study based on a prior academic
relationship with the investigator (L.K.M.) and schoolsociodemographics. The survey site
was a suburban school located in the state of Washington. The site permitted use of their
facilities, managed interaction with students, and oversaw parental opt-out forms that
maintained student anonymity to study staff. The study’s IRB protocol permitted the
school to select an opt-in or opt-out procedure for parental notification, with the school
selecting an opt-out procedure in this study. The school managed parental permissions to

maintain student anonymity to OHSU study staff. The school selected which classes



would administer surveys to support participation by all interested students. Selected
teachers received an informational packet about the study, which included a teacher
informational letter, student information sheets, student surveys, a data intake form, and a
prepared paragraph to read to their students describing study goals, survey length, and
voluntary participation in the anonymous research. Students were then given an
information sheet about the study with time to ask questions. Students provided verbal
assent to their teacher to participate and surveys included a printed introduction at the top
of each survey reiterating procedures being voluntary and anonymous. One paper-based
survey was administered to students. Completed surveys were returned to the teacher and
immediately sealed in a manila envelope. Completed survey packets were returned to the
main office to be mailed to the study team (postage pre-paid).

2.2 Instrument

A series of six different instruments were combined into a single survey. These
instruments are as follow: Attention Deficit/Hyperactivity Disorder (ADHD) Self-Report
Survey (18 items; Gray et al., 2014), impulsivity (BI1S-15; 15 items; Spinella, 2007),
Sources of Science Self-Efficacy (SSSE; 24 items; Chen & Usher, 2013), mindset (20
items; Dweck, 2000), STEM interest (2-items; Tyler-Wood, 2010), Science Self-
Determination (SSD; 21 items; Deci et al., 2001), and Urgency, Premeditation,
Perseverance, and Sensation Seeking (UPPS; 40 items; Tomko et al., 2016). For this
study, only data from the BIS scale was analyzed. The English version of the BIS-15
(Spinella, 2007) was used for the current study (Table 3). The questionnaire comprised of
15 items with 5 items for each subscale (non-planning, motor, and attentional

impulsivity). Items were measured on a four-point Likert scale (1- rarely/never, 2=



occasionally, 3= often, 4= almost always/always). Total score ranges from 15-60. Higher
score on this scale means more impulsivity. Six items (question 6, 7, 8, 9, 10 and 13)

were reverse scored as previously reported (Spinella, 2007).

2.3  Data analysis

Internal consistency, which describes the level of correlation between different item of
the same questionnaire, was calculated using Cronbach’s alpha reliability coefficient
(Kline, 2015). The consistency of the items was interpreted as a < 0.6 (unacceptable),
a=0.6-0.65 (undesirable), a.=0.65-0.70 (minimally acceptable), a.=0.70-0.80
(respectable), a =0.80—0.90 (excellent), and o> 0.9 (excessive consistency) based on
previously reported guidelines (Peterson, 1994).

Confirmatory factor analysis was conducted using the structural equation modeling
module of Statistical Package for the Social Sciences (SPSS) Analysis of Moment
Structure (AMOS; IBM; version 25) (source of this — e.g., Petaluma, CA). The model
was specified to have three first-order latent factors (with each factor consist of five
items; Spinella, 2007). Model fit was evaluated using the model Chi-Square, the
Comparative Fit Index (CFI), Root Mean Square Residual (SRMR), and Root Mean
Square Error of Approximation (RMSEA) as recommended (Kline, 2015). CFI
recommended cutoff value is>.95 with value of 1 indicating a perfect fit. SRMR and
RMSEA recommended cutoff values are <.08 with 0 indicating perfect fit. At minimum,
factor loadings for items should be >0.32 (Tabachnick & Fidell, 2012), >0.4 preferred
(Santor et al., 2011), and >0.5 indicating solid factor loading (Costello & Osborne, 2015).
Testing of the Composite Reliability (CR), Average Variance Extraction (AVE), and

Maximum Shared Variance (MSV) were conducted in the confirmatory factor analysis to



further examine the construct validity based on recommendation of Hair et al. (2010),
with CR values > 0.7 indicating good measurement reliability. AVE values > 0.5
indicates that the measurement has no convergent validity. When MSV is less than AVE,
there is no discriminant validity (Hair et al., 2010).

Results

3.1 Participants

A total of n=612 middle school students from grade 6 to 8 enrolled at the survey site
(NCES 2017) and were administered the survey. For this analysis, all missing cases were
taken out, reducing the participants to n=463 (missing data= 149). Out of the 149 missing
data, 87 participants did not started the BIS-15 questionnaire and 62 participants started
but did not finish the questionnaire. The sample’s gender was 43.4% male, 50.3% female,
2.6% non-binary or other, and 3.9% prefer not to say. The mean age of participants was

13.84 years old with standard deviation of 1.12 years.
3.2 Descriptive statistics

Total impulsivity scores were distributed across a wide range for the BIS-15. Statistical
tests indicate scores were not normally distributed on the S-K test (p=0.005). The

skewness is .291 indicating a slight positive skew.
3.2 Construct validity

No metrics met the cut off recommended for model fit (p>0.05; RMSEA<.08; SRMR
<.08; CFI >.90; table 1). y>-test was significant (y%s7) = 561,928, p <.001), indicating
that the model did not fit. However, it is expected since Chi-Square test is influenced by

large sample size (Hooper et al., 2008).Overall, this result suggested that the data does



not fit the current three-factor structured originally proposed (Spinella, 2007).
Standardized factor loadings are displayed in table 2. Of the 15 items in the scale, 12
(80%) of the items exceeded 0.5, 2 (13%) of the items exceeded 0.32, and 1 (7%) was
below .32. Between the three subscales, attentional and motor are the most correlated at
747 (table 3). Instruments’ total scores showed respectable internal consistency with
Cronbach’s alpha coefficients (a= 0.756). However, the CR for latent factor “motor” was
less than the recommended cut off, which is >0.5 (Table 4). Both AVE and MSV for
motor and attentional latent factors did not meet the recommended cut off value (AVE >
0.5, MSV < AVE; table 4). It showed that both factors suffered from discriminate and
convergent validity issues. For latent factor Non-planning, only AVE did not meet the cut
off value (table 4) indicating that the factor suffered from convergent validity issue. This

indicates that there is reliability issue for the Motor latent factor.

Table 1. Confirmatory factor analysis goodness of fit indices for BIS-15

Recommended cut offs
Goodness of fit statistics BIS-15
(Kline, 2015)
Chi-square p value >0.05 .000
CFl > .90 754
RMSEA <.08 109
SRMR <.08 .099




Table 2. Standardized factor loadings of the BIS-15 model with three first-order impulsivity factors

Items Factor Scored | Factor

loading
1. Iactonimpulse. Motor + .53
2. | act on the spur of the moment. Motor + 51
3. 1 do things without thinking. Motor + .80
4. | say things without thinking. Motor + 75
5. 1 buy things on impulse. Motor + 43
6. | plan for job security. Non-Planning RS 31
7. | plan for the future. Non-Planning RS 52
8. | save regularly. Non-Planning RS .57
9. I plan tasks carefully. Non-Planning RS .86
10. | am a careful thinker Non-Planning RS .66
11. 1 am restless at lectures or talks Attentional + .56
12. 1 squirm at plays or lectures Attentional + .64
13. | concentrate easily Attentional RS .36
14. 1 don’t pay attention Attentional + .63
15. | am easily bored solving thought problems | Attentional + .54

*Items reverse scored are denoted by ‘RS’ (reverse scored) whereas ‘+’ denotes items positively scored.
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Table 3. Correlation between the factors between BIS-15 subscale

Motor Non-Planning Attentional
Motor - 121 147
Non-Planning 121 - 279
Attentional 147 279 -

Table 4. Composite Reliability (CR), Average Variance Extraction (AVE), and

Maximum Shared Variance (MSV) for the latent factors.

CR AVE MSV

Attention 0.681 0.307 0.558

Motor 0.748 0.386 0.558

Non-Planning 0.733 0.375 0.078

*CR values > 0.7 indicating good measurement reliability. AVE values > 0.5 indicates
that the measurement has no convergent validity. When MSV is less than AVE, there is

no discriminant validity (Hair et al., 2010).

4. Discussion
The overarching goal of this research was to test the three-factor structure of BIS-15.
Such exploration of latent structure can inform theory and is important in interpreting the

original proposed structure of the instrument. In the following sections, we will consider
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the result of this assessment, their impact on the proposed structure, and future steps for
modification.

4.1 Result assessment

The BIS-15 is a shorter version of the original questionnaire, BIS-11 (15 items vs 30
items). Confirmatory factor analysis was used to examine the BIS-15 three-factor
structures proposed by Spinella (2007). The results in the present study provided no
support for the theory that BIS-15 can be divided into three subscales, each with five
questions, for an early adolescent, non-clinical population. Despite the scale showing
good internal reliability through Cronbach’s alpha, its data did not fit into the model
through model fit confirmatory factor analysis and one of its factors did not meet the CR
reliability test. The low value of CR= 0.681 not meeting the recommended cut off (CR
>0.7; Hair et al., 2010) indicates that some items measured the factor “motor”
inadequately, potentially incorrectly and needed revision. The measurement seemed to
suffer from convergent validity based on the low AVE values not meeting the cut off on
all three latent factors. The issue potentially stemmed from low factor loading of question
5, 6, and 13 (table 2). Finally, the high MSV value for factor “motor” and ““attentional”
indicated that they suffered from discriminatory validity. This indicates that some items
cross-loaded to another factor. Overall, the model will need modifications to better serve
this population.

4.2 Proposed modifications

Exploratory factor analysis (EFA) will need to be conducted to address the current
discriminatory validity issue. By performing EFA, a more detailed pattern matrix of all

item loadings will be displayed and help identify cross loading items. Once these items
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are identified, a closer look at the wording and the original theory will help guide the
changes, as these constructs are heavily influenced and shaped by their associated theory.
The same process will also be done for items with low factor loading to address the
convergent validity issue. As low loading denotes that the factor is not explained by the
items well enough. For this population, the problem might stem from the wording of the
items. For example, both item 5 (I buy things on impulse) and 6 (I plan for job security)
are not as relevant for middle school students. Middle school students will most likely not
have enough money to buy things whenever or think about the availability and retention
rate of their future jobs. These items need to be reworded to better reflect this population.
However, question 13 (I concentrate easily) does not seem to have the same wording

problem. Question 13 will need the EFA pattern matrix to identify its low factor loading.
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