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Abstract

The “BIS/BAS” Scales (Carver & White, 1994) and the Sensitivity to Punishment and Sensitivity to
Reward Questionnaire (SPSRQ; Torrubia, Avila, Molto, & Caseras, 2001) are two self-report instruments
used for the assessment of Gray’s concepts of impulsivity and anxiety. In this paper, we examined both
instruments in terms of their factorial structure and their construct validity using data from 345 Romanian
undergraduate students. The results supported the original factor structure of the BIS/BAS scales, but indi-
cated that a three-factor solution is preferable to the original two-factor solution in the case of the SPSRQ.
Both instruments demonstrated good construct validity, correlating with other constructs such as Eysenck’s
extraversion, neuroticism and some facets from Strelau’s temperament survey in the expected direction.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The search for the biological basis of human behaviour has become an important part of our
understanding of human personality. Among the most influential theories in the field are those
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provided by Eysenck and Gray (e.g. Eysenck, 1967, 1987; Gray, 1981, 1987). Both authors sup-
port the hypothesis that personality traits are the epiphenomena of individual differences in brain
functioning.

2. Gray’s theory of personality

Gray developed his theory focusing on the biological roots of individual sensitivity to reward
and punishment. The initial form of Gray’s Reinforcement Sensitivity Theory (RST) outlined
three neurophysiological systems (Gray, 1981, 1987): the Behavioural Approach System (BAS
— sensitivity to reward) also named as the Behavioural Activation System (Fowles, 1980, as cited
in Torrubia, Avila, Molto, & Caseras, 2001), the Behavioural Inhibition System (BIS — sensitivity
to punishment) and the Fight — Flight System (FFS — sensitive to unconditioned aversive stimuli).
Gray and McNaughton (2000) proposed a revised form of the RST in which Fight — Flight-Freeze
System (FFFS) is sensitive for both conditioned and unconditioned aversive stimuli (sensitivity to
punishment), BAS is sensitive to all appetitive stimuli (sensitivity to reward) and BIS is responsi-
ble for resolving goal conflicts in general, as the one between the BAS (approach) and the FFFS
(avoidance). For an excellent review on the evolution of Gray’s RST and its current status, see
Corr (2004).

On the psychological level BAS is associated with impulsivity, BIS is the basis for anxiety,
whilst FFFS is associated with fear (Corr, 2002, 2004; Gomez & Gomez, 2002). Impulsivity
and anxiety can be integrated into Eysenck’s classical model: the impulsivity axis is rotated 30°
from neuroticism (N) towards extraversion (E), whereas the anxiety axis is rotated 30° from E to-
wards N. Thus, anxiety is positively related to N and impulsivity is positively related to E (Gray,
1981, 1987; Matthews & Gilliland, 1999). Despite the clarity of Gray’s conceptual framework,
problems persist in the validation of the testing methods.

3. Difficulties in testing Gray’s theory

According to Matthews and Gilliland (1999) the electrodermal measure was considered a good
indicator of the BIS, while the heart rate is a good measure of the BAS. However, after reviewing
evidence from several studies, the same authors concluded that neither electrodermal activity, nor
heart rate is a good index of BIS and BAS.

The use of psychometric scales does little to improve the measurement of Gray’s concepts.
There have been several attempts to develop instruments to measure BIS and BAS directly.
One of these is the Gray—Wilson Personality Questionnaire (GWPQ). This test has not matched
all six factors expected by its authors and shows an unsatisfactory internal consistency of its sub-
scales (Slobodskaya, Knyazev, Safronova, & Wilson, 2003). A similarly unsatisfactory outcome
was found using the Generalized Reward and Punishment Expectancy Scales (GRAPES) devel-
oped by Ball and Zuckerman in 1990 (as cited in Torrubia et al., 2001; Zuckerman, Joireman,
Kraft, & Kuhlman, 1999).

Another attempt to measure Gray’s behavioural inhibition and approach systems involves the
BIS/BAS scales, designed by Carver and White (1994). The instrument contains the BIS, BAS —
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reward responsiveness (BASR), BAS — drive (BASD), BAS — fun seeking (BASF). Despite the fact
that the BIS/BAS scales are one of the most often used instruments when testing Gray’s theory,
the scale lacks a consistent factor structure. For instance, Jorm et al. (1999) conducted an explor-
atory factor analysis (EFA) on a sample of 2725 individuals, aged 18-79, revealing a two-factor
structure to be as well supported as the four-factor structure obtained by Carver and White
(1994). A recent confirmatory factor analysis (CFA) study designed by Ross, Millis, Bonebright,
and Bailley (2002) supports a four uncorrelated factor model, suggesting that the three BAS sub-
scales should be considered as separate constructs rather than a global measure of behavioural
activation. The conflicting evidences for a two-factor model, a four uncorrelated factor model
and a four correlated factor model (the last involving some degree of association among the three
BAS subscales) generates confusion regarding a proper psychometric instrument for measuring
BIS and BAS.

Finally, another instrument for testing Gray’s theory is The Sensitivity to Punishment and Sen-
sitivity to Reward Questionnaire (SPSRQ) (Torrubia et al., 2001). The two scales of the question-
naire measure SP (sensitivity to punishment) and SR (sensitivity to reward) functioning. Although
the authors present a scale with good reliability and validity properties, there are gender differ-
ences regarding factor loading of some items. However, the scale secems to express the essence
of Gray’s theory accurately, as the two factors correlate with extraversion and neuroticism in
the expected direction.

This study aims to determine the best factor structure of the two instruments mentioned above:
the BIS/BAS scales of Carver and White (1994) and the SPSRQ of Torrubia et al. (2001). It also
seeks to test their construct validity using data from Romanian students.

4. Method
4.1. Participants

Subjects were selected from two different Romanian universities. A total of 345 undergraduate
students were tested: 237 women, 103 men, and five participants who did not specify their gender.
The sample was selected using a non-probabilistic method from a larger population of undergrad-
uate students enrolled in economical science, political science, philosophy and engineering. The
mean age was 19.66 (S.D. = 1.46).

4.2. Instruments

Participants were asked to complete a questionnaire composed of four sections. Section 1 con-
sisted of the BIS/BAS scales (Carver & White, 1994), having 20 items on a Likert scale ranging
from 1 (very unlikely) to 4 (very likely). They include four subscales: the BIS scale (7 items),
the BAS Reward (BASR-4 items), the BAS Drive (BASD-5 items), and the BAS Fun seeking
(BASF-4 items).

The BIS/BAS scales are widely used in researching behavioural activation and inhibition sys-
tems. However, according to Zuckerman et al. (1999) there have been some validation problems
with the BIS/BAS subscales. For instance, the BIS scale did not correlate with E, and the BAS
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scales were not related to N, contrasting Gray’s theory which implies non-orthogonal relation-
ships between Eysenck’s and Gray’s constructs.

In Section 2, a 40-item modified version of the SPSRQ (Torrubia et al., 2001) was utilized. The
original form includes 48 yes/no questions, of which eight were excluded due to the items poor
factor loading (e.g. the original item no. 34, intended to measure the SR factor, obtained loading
values .18 for males and .09 for females) or due to gender differences in factor loading (e.g. the
original item no. 19, intended to measure the SP factor, obtained loading values .33 for females,
and only .19 for males). The modified SPSRQ form has two subscales: SP (22 items), and SR (18
items).

The SPSRQ was selected because it is particularly designed to measure Gray’s concepts, by
linking sensitivity to punishment (SP) to BIS, and sensitivity to reward (SR) to BAS. Another po-
sitive aspect of SPSRQ is its good internal consistency (.82 for SP and .77 for SR). The three
months test-retest correlation is .89 for SP and .87 for SR.

In addition, two instruments were used to assess construct validity. BIS should correlate neg-
atively with extraversion and positively with neuroticism, while BAS should correlate positively
with extraversion and neuroticism. Furthermore, another condition is that the BIS and BAS mea-
sures are orthogonal (Torrubia et al., 2001).

The Eysenck Personality Questionnaire (EPQ), (Eysenck & Eysenck, 1975) consists of 79 yes
and no questions assessing three personality dimensions: extraversion (18 items, o = .84), neurot-
icism (24 items, « = .87), and psychoticism (16 items, « = .52). A 21 item lie detection scale was
also used (o = .78). We selected an EPQ validated version of the Romanian population by Baban,
Derevenco, and Eysenck (1990).

The two systems should correlate with the derived scales of anxiety and impulsivity from the
EPQ. Derived measures of anxiety and impulsivity were calculated by a formula provided by Corr
(2001): Anx =((21 — E)t(N*2) — P); Imp=((E*2)+ N+ P).

Both BIS and BAS scales should also relate to some aspects of the Pavlovian Temperament
Survey (PTS) (Strelau, 1999), designed to measure three dimensions of temperament: strength
of excitation (SE); strength of inhibition (SI) and the mobility of nervous processes (MO). Each
dimension has several scales.

SE has seven scales of which we selected facet SE 3 (the individual prefers to carry out risky
activities under highly stimulating conditions). From the five scales of SI we picked SI 4 (the indi-
vidual is able to delay his/her reaction to acting stimuli) and SI 5 (the individual is able to control
his/her emotions when withholding that expression is desirable). Finally, from the MO facets we
used MO 4 (the individual’s mood changes lightly from positive to negative and vice versa
depending on the situation).

Both PTS and the EPQ were used to test the construct validity of the results of sensitivity to
punishment and reward from the BIS/BAS scales and the SPSRQ. If the BAS and BIS scales were
to have a good construct validity we would expect BAS to correlate positively with SE 3, and neg-
atively with SI 4 and SI 5. The opposite situation would be expected for BIS. Both BIS/BAS and
SPSRQ scales should not be related to MO4 since this refers to a different attribute of the nervous
system — mobility. We expect the SR scale from the SPSRQ and all BAS subscales to be related to
excitation processes of the central nervous system, while the SP scale from the SPSRQ and the BIS
scale to be related to inhibition processes of the central nervous system.
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4.3. Procedure

Participants were tested in the classroom setting, in groups not larger than 25 undergraduates.
Prior to completing the questionnaire, the subjects signed a consent form and agreed to partici-
pate. 12.2% chose to remain anonymous.

The translation of the Romanian version of the BIS/BAS scales and the SPSRQ involved a
back translation procedure that showed consistency with the original English version of the scales.

5. Results

Previous research has already pointed out different factorial structure solutions for the two
scales. Therefore, we used CFA to compare different factor structures and to determine the most
suitable factor structure of the BIS/BAS scales and of the SPSRQ. The CFA was obtained from
AMOS 4.0 using the maximum likelihood estimation (MLE) as the method for testing the factor
structure. We also used simple correlations to test the construct validity of these measures.

5.1. Factorial structure of BISIBAS and SPSRQ scales

5.1.1. Factorial structure of BISIBAS scales

Before presenting the CFA results of the BIS/BAS scales, we briefly present the EFA results on
the same data. By employing the principal axis factoring method with an oblimin rotation, we
obtained a four-factor solution as suggested by the scree-plot test. They account for over 48%
of observed variance. The pattern of item loadings on the resulted factors is identical to the
one found by Carver and White (1994).

Using CFA we tested three potentially viable models presented below in Table 1. These models
have received prior support in different contexts (Carver & White, 1994; Jorm et al., 1999; Ross
et al., 2002). However, since item 7 only had a .23 loading on the BIS factor in EFA, we included a
fourth model, which excluded item 7 from the scale, but kept the structure of the third model.

Table 1 shows some common indices used to determine goodness of fit between the models and
the data. All but the first model fit the data well. Moreover, the third model that allowed the BAS

Table 1

Goodness of fit indices of four models for the BIS/BAS scales (N = 345)

Model df P GFI RMSEA CFI
Two uncorrelated factors 170 915.4 0.76 0.11 0.53
Four uncorrelated factors 170 431.7 0.89 0.07 0.83
Four correlated factors® 167 375.8 0.90 0.06 0.87
Four correlated factors® 149 349.7 0.90 0.06 0.87

GFI = the goodness-of-fit index; adequate value above .90; liberal value above .85.
RMSEA = root mean squared error of approximation; adequate value below .10.
CFI = comparative fit index; adequate value above .90 (Kelloway, 1998).

% The three BAS subscales are correlated with each other.

® The three BAS subscale are correlated in a model that excludes item no. 7.



1450 F.A. Sava, A.-M. Sperneac | Personality and Individual Differences 41 (2006) 1445-1456

Fig. 1. Factor loadings resulting from the CFA on four factors model (the BAS subscales are correlated).

subscales to correlate with one another was significantly better than the second model with a four
uncorrelated factor structure — Ay*(3) = 55.9, p < .01. However, excluding item 7 from the BIS/
BAS scale does not improved the solution. Thus, the third model seems the most representative
solution (Fig. 1).

5.1.2. Factorial structure of SPSRQ

Before running a CFA with the SPSRQ scales, an EFA was employed using a similar strategy
to the one used in the case of BIS/BAS scales. A three factor solution was obtained, accounting
for 27% of observed variance. All items included in the SP scale loaded in one factor, while most
items included in the SR scale loaded into a second factor. A third factor occurred by examining
the scree-plot. It includes items from the SR scale regarding financial aspects. This unexpected fac-
tor could be due to Romania’s transition to a market economy as it affects many social categories
financially. We tentatively named this factor sensitivity to financial reward.

CFA was also used for assessing the factor structure of the SPSRQ. Three competing models
were tested: the two-factor structure (correlated and uncorrelated) and the three-factor structure
(correlated) as suggested previously. However, due to its measuring characteristics (binary items),
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Table 2

Grouping SPSRQ items into parcels

Sensitivity to punishment Sensitivity to reward

Item number?® Parcel item number Item number?® Parcel item number
3,57 sp01 4,10, 12 sr01
9,11, 13 sp02 14, 18, 20 sr02
15,17, 21 sp03 22, 24° 26° 5103
23, 25,27 sp04 28, 30, 40 sr04
29, 31, 33 sp05 2%, 38° 42° st05
35, 37, 39 sp06 44, 46, 48 sr06
41, 43, 45, 47 sp07

% As presented in Torrubia et al. (2001).
® Jtems included in sensitivity to financial reward.

we parcelled the items as suggested by Sava (2004) and Thompson and Melancon (1996). This
measure was necessary as the MLE method required metric variables or at least ordinal ones.
When item parcels are used the model fit improves in relation to GFI or CFI. The more items that
are included in one parcel the better the model fit indices are (Takahashi and Nasser, 1996). After
parcelling the 40 items seven parcels related to SP and six parcels related to SR were obtained.
Table 2 presents how initial items were parcelled to obtain metric variables. For instance, parcel
spl was obtained by adding the results from the first three items related to SP so that the scores of
the new variable could range from 0 (all three answers were negative) to 3 (all answers were
“yes”).

Data indicates that the latter solution is the most appropriate (Table 3). However, this solution
should be interpreted with caution due to the initial process of parcelling items and relatively low
comparative fit indices (Fig. 2).

5.2. Concurrent validity of BISIBAS and adapted SPSRQ scales

If the two scales refer to the same concept, the results of measuring the sensitivity to reward and
sensitivity to punishment should strongly correlate with one another. The correlation coefficients
among similar concepts such as BIS and SP should be less than their internal consistency indica-
tors, but more than other correlations between one of the above-mentioned concepts and other
related constructs (Table 4).

Table 3

Goodness of fit indices of four models for the SPSRQ (N = 345)

Model df ¥*° GFI RMSEA CFI
Two correlated factors 64 224.6 0.91 0.08 0.84
Two uncorrelated factors 65 230.1 0.90 0.09 0.84
Three factors® 62 196.2 0.92 0.08 0.87

# Correlations among all three factors was stated.
b All 4 are statistically significant at p < .01.
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Fig. 2. Factorial structure of the SPSRQ using parcels of items and the correlation among factors.

Table 4
Concurrent validity among the BIS/BAS and the SPSRQ various scales (N = 345) and between both instruments and
EPQ derived scales of anxiety and impulsivity (N = 298)

Scale 1 2 3 4 5 6 7 8 9 10
1. BIS .62

2. BAS .00 .77

3. BAS-R 13 .66 71

4. BAS-D —.07 70 30 81

5. BAS-FS —.03 74 23 20 .74

6. SPSRQ-SP 50 -.30 —.13 —-.30 —.18 .80

7. SPSRQ-SR .10 43 24 22 43 —.11 .63

8. SPSRQ-SR financial —.01 25 .14 15 23 —.10 .39 .67

9. EPQ — anxiety 55 -.23 —.04 -.21 -.21 75 —.11 —.10 -

10. EPQ — impulsivity 17 38 25 20 33 —.05 58 28 .03 -

Internal consistency indicators for each scale presented on principal diagonal are italicized. Statistically significant
correlations at p <.001 are in bold type font.

The results confirm the presumption stated above. Of particular interest are the strong corre-
lations between BIS and the SP from the SPSRQ — r(343) = .50, p <.01 and between BAS and
the SR from the SPSRQ — r(343) = .43, p < .01. These values indicate a strong association among
these concepts, especially if we consider small values of some internal consistency coefficients
which attenuated the relationship among variables.
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Table 5
Construct validity of sensitivity to punishment and sensitivity to reward scales with Eysenck’s EPQ and Strelau’s PTS
Scale EPQ PTS

N E P L SE3 S14 SIS MO4
1. BIS .58 -.17 —.18 —.15 -.21 —.10 -.21 —.05
2. BAS —.09 42 13 —.20 35 -.21 -.09 .07
3. BAS-R .02 25 —.08 —.11 .16 —.14 —.08 11
4. BAS-D —.15 31 .02 .06 19 .06 .06 -.02
5. BAS-FS —.05 31 .28 -.32 .36 -.33 —.15 .06
6. SPSRQ-SP .70 —.50 —.09 —.12 -.37 —.13 -.17 —.13
7. SPSRQ-SR .09 .48 22 -.34 25 -.33 -.17 .09
8. SPSRQ-SR financial .02 21 32 —.26 .10 —.26 —.06 .04

Bold type font for correlations statistically significant at p <.001.

5.3. Construct validation of BISIBAS and adapted SPSRQ scales

If our instruments measured Gray’s concepts their scales should be orthogonally related. Our
findings show that BIS and BAS scales have an orthogonal relationship — #(343) = .00, p > .10,
whilst the reward and the punishment scales of the SPSRQ are slightly negatively correlated —
r(343) = —.11, p <.05. Moreover, using the EPQ-derived measures of anxiety and impulsivity,
correlations between concepts in the predicted direction were obtained. Thus, EPQ-derived anx-
iety correlates positively with the BIS scale and the SPSRQ-SP. The EPQ-derived impulsivity scale
correlates strongly with all BAS scales and the SPSRQ-SR, and weakly with the third found fac-
tor, the SR-financial of SPSRQ.

As Table 5 shows, the findings support the construct validity of the two instruments. In sum,
both the BIS scale and the SP of the SPSRQ are strongly and positively correlated with neurot-
icism and negatively correlated with SE3. Similarly, both the BAS total scale and the SR of the
SPSRQ are positively related to extraversion and the SE3, and negatively related to SI4 and
the lie detection scale from the EPQ. Moreover, neither the BAS or the SR scale, nor the BIS
or the SP scale is associated with the mobility of the nervous system, as measured by the MO4
scale from Strelau’s PTS.

6. Discussion

Our objectives were to determine the best factor structure of two important sensitivity to pun-
ishment and sensitivity to reward instruments, as well as to help their validation process for the
Romanian population by testing their construct validity.

Regarding the first objective, data collected from the Romanian student sample suggests a four
solution factor for the BIS/BAS scale, allowing the three types of BAS scales to correlate with one
another. The model supports the initial findings of Carver and White (1994), a four factor struc-
ture that allows the BAS subscales to be summed up in an index of behavioural activation, due to
positive correlation among all three BAS scales. It is likely that the BAS scale acts as a second
order factor that is composed from these three scales.
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A similar factorial structure was obtained by Sava (2005) from another sample consisting
of 165 secondary and high school teachers tested using the BIS/BAS scales. Data showed no
significant difference between the factorial structure obtained from the two groups,
Ax*(16) = 18.68, p > .05, suggesting a four factor solution with the three BAS scales correlating
with one another to be a robust solution. However, the scale’s seventh item receives the same
low loading on the BIS factor, implying the possibility of excluding the item from the BIS
scale.

The resulting SPSRQ factorial structure supports a three correlated factor model, which differs
from prior results that offer a two uncorrelated factors solution. An emerging third factor, SR-
financial, might be due to specific economical and social situations in Eastern Europe. The SR-
financial factor is loaded especially on items that make direct reference in their content to earning
money. Notably the financial reward factor of the SPSRQ is weakly associated with constructs
related to sensitivity to reward. Moreover, the scale is related only to one scale from Strelau’s
PTS (SI 4). This association is suspected to occur due to some content similarities between the
items of the two scales. For instance, items from SR-financial such as “Do you sometimes do
things for quick gains?”’ are implicit statements of measuring the ability to delay actions (SI 4).
Further research is needed to replicate the factorial structure of the adapted form of the SPSRQ
to ensure the consistency of results.

When comparing the data from the two instruments we observed a more consistent factor solu-
tion for the BIS/BAS scale compared to the SPSRQ. However, since the three types of BAS scales
are correlated with one another, a second order BAS factor seems to be well grounded. If this is
correct, then the BIS/BAS scale may overcome some criticism regarding its content validity, since
the results may be integrated into two global scales: BIS and BAS, corresponding to Gray’s the-
ory. On the other hand, due to the emergence of the third factor, the SPSRQ may need further
refinement in order to attain a two factor solution, regardless of the particularities of the popu-
lation undergoing testing.

With regards to our second objective, both instruments demonstrate a good construct validity.
They both strongly correlate with one another and with similar psychological constructs derived
from the EPQ (anxiety and impulsivity), as suggested by Corr (2001). Similarly, both BAS and SR
are positively associated with extraversion as well as with some facets of SE of the PTS. They are
not related to neuroticism or to the facets of SI of the PTS. In addition, both BIS and SP are pos-
itively linked to neuroticism and negatively related to facets of SE. Both BIS and the SP weakly
correlate with SI 4 in an unexpected direction. This result might lead to a different interpretation
of what sensitivity to reward and sensitivity to punishment really means. In light of this, sensitivity
to reward may be seen as a result of disequilibrium between the processes of excitation and inhi-
bition, in favour of excitation. The strong correlation between the sensitivity to reward and impul-
sivity serves to support this explanation. Likewise, sensitivity to punishment may correspond at a
physiological level to a lower-level activity of both excitation and the inhibition, since both SE
and SI negatively correlate with BIS and SP (see Table 5).

Another interesting finding is the convergent validity of the constructs used in this research.
Similar patterns of correlation for BIS and SP and for BAS and SR were found (Table 5). One
notable differences is discussed in the following lines. The negative correlation of SP with extra-
version is significantly higher than the negative association between BIS and extraversion. How-
ever, this is partially due to the lower internal consistency of the BIS scale (¢ =.62) when
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compared to that of SP (« = .80). On the other hand, SR correlates better to impulsivity than
the BAS scale despite the lower internal consistency of the SR in comparison to the BAS scale
(Table 4).

A similar pattern of correlations was found by Caseras, Avila, and Torrubia (2003), who
suggest that SP correlates better with the EPQ derived — anxiety than BIS does. Still, more
research needs to be conducted to conclude that the SPSRQ is more adequate for assessing Gray’s
concepts. This research should focus on determining a robust factor solution for the SPSRQ to
eliminate the problem of item poor factor loading and gender differences in factor loading.

These results suggest that the practice of considering BIS and the SP scales as equivalent tools
to measure the sensitivity to punishment is possibly biased. The arguments for using the two
instruments as interchangeable measures consist in the high correlation between the correspond-
ing constructs (BIS and SP, BAS and SR) as well as in the similar pattern of correlation with other
related constructs. The arguments against using the two instruments interchangeably are based on
the fact that the SPSRQ punishment and reward scales are more closely related to the concepts
of anxiety and impulsivity as derived from the EPQ, than the BIS/BAS scales. Further exploration
of the matter could bring to light more convincing arguments for the assumption of
interchangeability.
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