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188 14. CONVOLUTION MODELS FOR fMRI

of event-related designs as a function of SOA (see
next chapter). Even if the significant non-linearities are
small enough that SOAs below 5 s (but above 1 s) are
still more efficient from the statistical perspective, one
could consider adding a second-order Volterra kernel
(linearized via a number of basis functions) in order
to capture systematic, event-related variability in the
residuals.

A WORKED EXAMPLE

In this section, the concepts of this chapter are illus-
trated in a single-session event-related fMRI dataset
from one of the 12 subjects reported in Henson
et al. (2002b), and freely available from the SPM
website http://www.fil.ion.ucl.ac.uk/spm/data. Events
comprised 500 ms presentations of faces, to which the
subject made a famous/non-famous decision with the
index and middle fingers of their right hand. One half of
the faces were famous, one half were novel (unfamiliar),
and each face was presented twice during the session.
This corresponds to a 2 × 2 factorial design consisting
of first and second presentations of novel and famous
faces (conditions N1, N2, F1 and F2 respectively, each
containing J = 26 events). To these 104 events, 52 null
events were added and the whole sequence permuted.
This meant that the order of novel/famous faces was
pseudo-randomized (given the finite sequence), though
the order of first and second presentations, while inter-
mixed, was constrained by the fact that second presen-
tations were necessarily later than first presentations on
average. The minimum SOA �SOAmin� was 4.5 s, but var-
ied near-exponentially over multiples of SOAmin due to
the null events (see next chapter). The time series com-
prised 351 images acquired continuously with a TR of 2 s.
The images were realigned spatially, slice-time corrected
to the middle slice, normalized with a bilinear inter-
polation to 3 × 3 × 3mm voxels and smoothed with an
isotropic Gaussian FWHM of 8 mm. The ratio of SOAmin

to TR ensured an effective peristimulus sampling rate
of 2 Hz.

Events were modelled with K = 3 basis functions con-
sisting of the canonical HRF, its temporal derivative and
its dispersion derivative. The resolution of the simu-
lated BOLD signal was set to 83 ms �N = 24� and the
event onsets synchronized with the middle slice �T0 =
12�. Six user-specified regressors, derived from the rigid-
body realignment parameters (3 translations and 3 rota-
tions) were included to model residual (linear) movement

effects.7 A highpass filter with cut-off period of 120 s was
applied to both model and data, with an AR(1) model for
temporal autocorrelations. No global scaling was used.
Two different models are considered below: a ‘categori-
cal’ one and a ‘parametric’ one. In the categorical model,
each event-type is modelled separately. In the parametric
model, a single event-type representing all face-trials is
modulated by their familiarity and the ‘lag’ since their
last presentation.

Categorical model

The design matrix for the categorical model is shown in
Figure 14.4(a). A (modified) effects-of-interest F -contrast,
corresponding to a reduced F -test on the first 12 columns
of the design matrix (i.e. removing linear movement
effects), is shown in Figure 14.4(b) and the resulting
SPM�F� in Figure 14.4(c). Several regions, most notably
in bilateral posterior inferior temporal, lateral occipi-
tal, left motor and right prefrontal cortices, show some
form of significant response to the events (versus base-
line) at p < 0�05, corrected for whole brain. Note that
these responses could be activations (positive amplitude)
or deactivations (negative amplitude), and may differ
across the event-types. A t-contrast like that inset in
Figure 14.4(b) would test a more constrained hypoth-
esis, namely that the response is positive when aver-
aged across all event-types, and is a more powerful test
for such responses (producing more suprathreshold vox-
els in this dataset). Also inset in Figure 14.4(c) is the
SPM�F� from an F -contrast on the realignment parame-
ters, in which movement effects can be seen at the edge
of the brain.

The parameter estimates (plotting the modified
effects-of-interest contrast) and best-fitting event-related
responses for a right fusiform voxel (close to what
has been called the ‘Fusiform Face Area’, Kanwisher
et al., 1997) are shown in Plate 13(a) and 13(b). First
presentations of famous faces produced the greatest
response (green fitted response). Furthermore, responses
in this region appear to be slightly earlier and narrower
than the canonical response (indicated by the positive

7 One might also include the temporal derivatives of the realign-
ment parameters, and higher-order interactions between them,
in a Volterra approximation to residual movement effects
(regardless of their cause). Note also that the (rare) events, for
which the fame decision was erroneous, could be modelled
as a separate event-type (since they may involve physiological
changes that are not typical of face recognition). This was per-
formed in the demonstration on the website, but is ignored here
for simplicity.



Elsevier UK Chapter: Ch14-P372560 31-7-2006 4:23p.m. Page:189 Trim:7.5in×9.25in

Basal Font:Palatino Margins:Top:40pt Gutter:68pt Font Size:9.5/12 Text Width:42pc Depth:55 Lines

A WORKED EXAMPLE 189

(a)

(b)

(c)

SPM{F }

SPM{F }

FIGURE 14.4 Categorical model: effects of interest. (a) Design matrix. (b) F -contrast for effects of interest (inset is t-contrast that tests for
positive mean parameter estimate for canonical HRF). (c) SPM�F� MIP for effects of interest F -contrast, thresholded at p < 0�05 whole-brain
corrected, together with SPM tabulated output (inset is SPM�F� for contrast on movement parameters, also at p < 0�05 corrected).

parameter estimates for the temporal and dispersion
derivatives).

There are three obvious further effects of interest: the
main effects of familiarity and repetition, and their inter-
action. The results from an F -contrast for the repetition
effect are shown in Plate 13(c), after inclusive masking
with the effects-of-interest F -contrast in Figure 14.4(c).
This mask restricts analysis to regions that are gener-
ally responsive to faces (without needing a separate face-
localiser scan, cf. Kanwisher et al., 1997), and could be
used for a small-volume correction (see Chapter 17). Note
that this masking is facilitated by the inclusion of null
events (otherwise the main effect of faces versus baseline
could not be estimated efficiently, see Chapter 15). The
contrast of parameter estimates and fitted responses for
the single right posterior occipitotemporal region identi-
fied by the repetition contrast are shown in Plate 13(d).

Differential effects were seen on all three basis functions,
and represent decreased responses to repeated faces.8

Plate 14(a) shows the design matrix using a more gen-
eral FIR basis set of K = 6 2 s time bins. The effects-
of-interest contrast (see Plate 14(b)) reveals a subset of
the regions identified with the canonical basis set (cf.
Plate 14(c) and Figure 14.4(c)). The absence of additional
suprathreshold voxels when using the FIR model is likely
to reflect the reduced statistical power for this F -test to
detect BOLD responses with a canonical form (and the

8 Note that this difference in the temporal derivative parameter
estimates does not imply a difference in latency, given the con-
current difference in canonical parameter estimates: i.e. larger
canonical responses require larger temporal derivatives to shift
them in time (Henson et al., 2002); as mentioned previously, it is
the ratio of the two parameter estimates that estimates latency.
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Lj = � and the modulation is zero (i.e. there is no possible
adaptation or repetition suppression).

The second parametric modulation had a binary value
of 1 or −1, indicating whether the face was famous or
novel; the third modulation was the interaction between
face familiarity and lag (i.e. the product of the first and
second modulations, after mean-correction). Each mod-
ulation was applied to the three temporal basis func-
tions, producing the design matrix in Figure 14.5(a). The
F -contrast for the main effect of faces versus baseline
(upper contrast in Figure 14.5(b)) identified regions sim-
ilar to those identified by the effects-of-interest contrast
in the categorical model above (since the models span
similar spaces). As expected, the F -contrast for the lag
effect (lower contrast in Figure 14.5(b)), after masking
with the main effect, revealed the same right occipi-
totemporal region (Figure 14.5(c)) that showed a main
effect of repetition in the categorical model. The best-
fitting event-related parametric response in Figure 14.5(d)
shows that the response increases with lag, suggesting
that the repetition-related decrease observed in the cate-
gorical model may be transient.

These examples illustrate the use of basis functions
and the convolution model for detecting non-stationary
(adapting) haemodynamic responses of unknown form in
the brain. The experimental design in this instance was as
efficient as possible, under the psychological constraints
imposed by our question. In the next chapter, we use the
basic principles behind the convolution model to look at
the design of efficient experiments.
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