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A B S T R A C T

Spatial suppression refers to the increasingly difficult identification of motion direction with increasing size of
the moving stimulus. Previous research indicated a close association between stronger spatial suppression and
higher psychometric intelligence. Since the measurement of spatial suppression is based on the time needed to
correctly identify the motion direction of small vs. large stimuli, the present study aimed to elucidate the unique
and shared effects of mental speed, as assessed by reaction times from the Hick task, and spatial suppression on
psychometric intelligence. In 177 young adults, neither manifest nor latent variables representing spatial sup-
pression were related to psychometric intelligence. Irrespective of stimulus size, however, individuals with
higher intelligence detected motion direction faster than individuals with lower intelligence. While we cannot
fully rule out stimulus and apparatus differences as being behind this discrepancy with prior work, our results
indicate that the link between spatial suppression and intelligence is at best confined to a specific range of
stimulus parameters. The relation between intelligence and speed of motion direction detection (independent
from stimulus size) overlapped with the relation between psychometric intelligence and reaction times in the
Hick task. This latter result is consistent with the assumption that there is a general (task-independent) speed of
information processing, which is robustly related to psychometric intelligence.

1. Introduction

Over the last four decades, a large body of empirical evidence has
suggested a consistent relationship between processing speed derived
from different elementary cognitive tasks (ECTs) and psychometrically
determined general intelligence also referred to as psychometric g (for
reviews see Deary, 2000; Jensen, 2006; Sheppard & Vernon, 2008). The
rationale of ECTs is that, because these tasks are so easy, they leave no
room for intelligent strategic variations, so that differences in perfor-
mance can only be attributed to differences in the speed with which
simple stimuli are processed and simple decisions are made (e.g.,
Anderson, 2001; Jensen, 1998, 2006). Overall, the correlations between
psychometric g and measures of speed of information processing vary
between r = 0.20 and r= 0.40 (Sheppard & Vernon, 2008). Shorter
reaction times (RTs) in higher psychometric intelligence are assumed to
reflect faster and more efficient information transmission in the central
nervous system (e.g., Jensen, 2006; Stelmack & Houlihan, 1995). Fur-
thermore, it is assumed that the probability of interfering incidents is
reduced if a sequence of mental operations is processed faster so that
errors in this sequence are less likely and information processing is not

only faster but also more efficient (Salthouse, 1996).
Neuroscientific research and numerous experimental studies also

point to a fundamental role of suppressive or inhibitory processes in
cognitive functioning and general intelligence (e.g., Burgess, Gray,
Conway, & Braver, 2011; Carandini & Heeger, 2012; Dempster, 1991;
Gray, Chabris, & Braver, 2003; Zanto & Gazzaley, 2009). Proceeding
from these findings and against the background of the mental speed
approach, Melnick, Harrison, Park, Bennetto, and Tadin (2013) hy-
pothesized that individual variability in a low-level information-pro-
cessing task that reflects both processing speed and perceptual sup-
pression should strongly correlate with psychometric intelligence.

To test their hypothesis, Melnick et al. (2013) used a spatial sup-
pression task in context of visual motion perception. With this task, first
introduced by Tadin, Lappin, Gilroy, and Blake (2003), participants
were required to identify the motion direction of briefly presented vi-
sual grating stimuli. As dependent variable, the shortest presentation
time required for correct identification of motion direction was de-
termined. This threshold estimate provided a measure of perceptual
processing speed. The critical experimental manipulation, however,
was stimulus size. For high contrast stimuli, as stimulus size increases,
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correct identification of motion direction becomes much more difficult
(Tadin et al., 2003). This effect, referred to as spatial suppression, is
considered to be a perceptual correlate of antagonistic center-surround
neurons in the middle temporal visual area (Liu, Haefner, & Pack, 2016;
Tadin, 2015; Tadin, Silvanto, Pascual-Leone, & Battelli, 2011). Center-
surround antagonism is a property of center-surround neurons which
reduce their firing rate (i.e., the neuron gets suppressed) when the
stimulus size is large enough so that it fills both the center and surround
regions of a neuron's receptive field.

As a measure of the magnitude of spatial suppression, Tadin et al.
(2006) introduced the Suppression Index (SI). SI is computed by sub-
tracting the mean threshold for motion detection for the small from the
respective threshold for the large stimulus. In two studies, Melnick et al.
(2013) found SI to be highly correlated with a four-item short form of
the WAIS-III (Axelrod, 2002) as well as with the WAIS-IV
(Psychological Corporation, 2008) full-scale score; the respective cor-
relation coefficients were r = 0.65 (p < 0.05) and r= 0.71
(p < 0.001), respectively. These strong positive correlations between
magnitude of the spatial suppression effect and intelligence reflected a
combination of two effects. First, a positive correlation between speed
of processing of small stimuli and IQ scores. Second, the effect that
high-intelligent individuals, while exhibiting low duration thresholds
for small stimuli, also showed disproportionally large increases in
thresholds with increasing stimulus sizes. This, taken together, resulted
in increasing SI with increasing IQ scores. Because such large motion
patterns are less likely to be perceptually relevant, a pronounced spatial
suppression effect should be indicative of a more efficient perceptual
suppression system in high-intelligent individuals (Melnick et al.,
2013).

In addition, Melnick et al. (2013) pointed out that rapid processing
of information is of only limited utility unless it is restricted to the most
relevant information. Hence, perceptual suppression is supposed to play
a critical role in all kinds of low-level information processing, where it
enables the perceptual systems to efficiently process an enormous
amount of incoming sensory information. If this highly intriguing as-
sumption holds, perceptual suppression, as indicated by the magnitude
of spatial suppression, should account for variance in psychometric
intelligence over and above traditional mental speed measures such as
reaction times (RTs) obtained with the Hick RT paradigm (Hick, 1952;
see also Jensen, 2006). With this paradigm, the number of response
alternatives is increased systematically across several task conditions.
In the easiest condition (i.e., simple RT) there are no response alter-
natives and, thus, no decision is required. In the more complex choice
RT conditions, the number of response alternatives is systematically
increased so that an increasing number of binary decisions are required
for a proper response. Within the mental speed approach to in-
telligence, numerous studies confirmed a consistent, albeit quite mod-
erate, negative relationship between Hick RT and psychometric in-
telligence that becomes stronger with increasing task complexity (for
reviews see Jensen, 1998, 2006; Sheppard & Vernon, 2008). Based on
these considerations, the primary goal of the present study was to
systematically investigate the unique and common portions of variance
in psychometric intelligence predicted by spatial suppression, as an
indicator of a more efficient perceptual suppression system, and Hick
RT as the most common, traditional mental speed measure.

The time required to perform a cognitive task can usually be con-
sidered an outcome of a number of different processes (cf. Jensen,
1982, 1987; Miller & Ulrich, 2013; Unsworth & Engle, 2007). For ex-
ample, tasks capturing cognitive functions do not only measure var-
iance due to the intended experimental manipulation (e.g., system-
atically increasing the number of binary decisions in the Hick task) but
also variance caused by other processes unrelated to the experimental
manipulation (e.g., encoding of the imperative stimulus which is con-
sidered to remain constant across all conditions of the Hick RT task).
Furthermore, if we assume, for example, that a person's state of alert-
ness and/or motivation also influences task performance, then it is not

evident whether an observed correlation between performance on a
specific task and a (potentially) related construct (e.g., intelligence) was
produced by the experimentally induced variance or by another, un-
intended, source of variance (cf. Rammsayer, Pahud, & Troche, 2017).
Also Melnick et al. (2013) considered the possibility that non-experi-
mental differences may be responsible for their findings. This crucial
issue has been referred to as the impurity problem (Schweizer, 2007).

A methodological tool to tackle the impurity problem represents the
fixed-links modeling approach first introduced by Schweizer (2006a,
2006b). This statistical method is a variant of confirmatory factor
analysis (CFA) and allows for the decomposition of variance of manifest
variables into multiple parts. While in conventional CFA, links between
manifest and latent variables are estimated (although some are fixed for
reasons of scaling), in the fixed-links modeling approach the matrix of
factor loadings is not estimated. Instead, loadings are fixed and justified
by theoretical considerations. Due to the fixation of factor loadings it
has to be ensured that the variance captured by the latent variable
reflects a meaningful process. If the variance of the latent variable is
statistically significant and the model-fit is acceptable, it can be con-
cluded that the processes represented by the latent variable are relevant
for task performance and the model represents the empirical data ap-
propriately (Schweizer, 2008).

In the present study, we aimed at replicating Melnick et al.'s (2013)
findings on the relationship between spatial suppression and psycho-
metric intelligence. Another goal was to extend the existing data by
elucidating the unique and shared effects of mental speed, as indicated
by Hick RTs, and spatial suppression on psychometric intelligence by
combining traditional structural equation modeling and the quite novel
fixed-links modeling approach.

2. Method

2.1. Participants

Because sufficient variance of psychometric intelligence is pre-
requisite to observe correlations with the experimental measures to be
obtained, a convenience sample consisting of university students as well
as participants with lower education was recruited. Furthermore, as
aging might influence both psychometric intelligence and performance
on the experimental tasks used in this study (cf. Rammsayer & Troche,
2010; Tadin & Blake, 2005), only participants ranging in age between
18 and 30 years were included in the present study. The participants
were 61 male and 116 female volunteers from a convenience sample
ranging in age from 18 to 30 years (mean and standard deviation of age:
21.1 ± 2.7 years). All participants had normal or corrected-to-normal
vision and gave their written informed consent. The study was ap-
proved by the ethics committee of the Faculty of Human Sciences,
University of Bern, Switzerland.

2.2. Measures of psychometric intelligence

For measurement of psychometric intelligence, a short version of
the Berlin Intelligence Structure (BIS) test (Jäger, Süss, & Beauducel,
1997) was used. This short version consisted of 18 subtests to measure
Processing Capacity, Processing Speed, and Memory as three major
facets of psychometric intelligence. Each facet was assessed by two
figural, two numerical, and two verbal subtests. In contrast to the ori-
ginal short version of the BIS test, the three creativity subtests were
omitted in the present study. Instead three additional subtests assessing
Processing Speed and three additional subtests assessing Memory were
included. Thus, measures of Processing Capacity, Processing Speed, and
Memory were based on the same number of subtests so that the g factor
extracted from this test battery was not biased in favor of Processing
Capacity. For modeling a g factor of intelligence, the raw scores of each
subtest were z-standardized. Then, in a next step, the g factor of in-
telligence was derived from the aggregated mean z-scores of the three
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