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Purpose This study addresses specific impairments of cognitive estimation and 
 object naming in patients with focal temporal lobe epilepsy (TLE) and frontal lobe 
epilepsy (FLE). It was investigated whether selective impairments can be explained by 
differences in lesion localization and functional hemispheric specialization.
Materials and Methods Seventy-eight patients (39 females, 39 males) with FLE and 
TLE were investigated using the German “Test zum Kognitiven Schätzen” and the  
“Boston Naming Test” to assess cognitive estimation abilities and visual object naming.
Questions According to theoretical models that support a distinct hemispheric 
dominance for estimation and naming, it was expected that epilepsy localization in 
the right hemisphere would result in impairments of cognitive estimation, whereas 
 patients with left epileptogenic foci would show deficits in object naming.
Results In comparison to a healthy control group, a significant impairment in estimation 
performance was present in patients with right temporal mesial and right frontal epilepsy. 
A significant impairment of naming performance was found in patients with left temporal 
mesial, right temporal mesial, left temporal neocortical, and left frontal  epilepsy. Over-
all, localization-dependent deficits were detected in patients with hippocampal sclerosis 
(cognitive estimation and object naming), right frontal epilepsy (cognitive estimation), 
and left temporal neocortical/left frontal epilepsy (object naming). In patients with right 
temporal neocortical epilepsy, no functional deficits were found.
Conclusion It is hypothesized that there is a functional dissociation between cogni-
tive estimation processes and object naming due to different functional specialization 
of the left and right hemispheres, respectively.
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Introduction

Neuropsychological dysfunctions in chronic epilepsies pro-
vide important evidence for the localization of the epilep-
tic zone. These negative changes in cognitive functioning 
could include deficits in cognitive estimation of physical 
and metrical properties and object naming. Cognitive esti-
mation requires problem-solving abilities for tasks where 

exact solution is not known as well as certain strategies, 
such as checking of plausibility and semantic knowledge. 
Visual object naming includes the activation of the visual 
system, semantic knowledge, and memory as well as speech 
production. Cognitive estimation and object naming abili-
ties are important for multiple everyday life challenges, for 
example, verbal communication with others and estimating 
the actual size of objects. Because of their importance it is  
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essential to know where these functions are localized in the 
human brain.

Several studies have shown evidence that the func-
tionality of the right hemisphere is essential for cognitive 
 estimation processes. Smith and Milner1 examined patients 
with resection of the unilateral frontal lobe and the tem-
poral lobe in comparison to a healthy control group. They 
found that patients with resection of the right frontal area 
had significant deficits in estimation of prices and objects 
in comparison to the control group. No deficits were seen 
in patients with left frontal lobectomy. Further evidence 
for the right lateralization of cognitive estimation has 
been provided.2,3 Tsujii et al4 explained the involvement 
of the right hemisphere in cognitive estimation with the 
 “dual-process theory of reasoning”5: human thinking is 
based on two different processes, namely heuristic and 
analytic processing of tasks. Heuristic processes are fast, 
automatic, and  dependent on certain existing beliefs and 
knowledge whereas analytical conclusions are character-
ized as slow, sequential, and  deductive. In this context,  
Tsujii et al4  investigated the role of the inferior frontal lobe 
and the superior parietal lobe when subjects solved tasks 
that required deductive thinking, as it is the case with estima-
tion tasks. The researchers identified the left inferior fron-
tal lobe for the heuristic system and the bilateral superior 
parietal lobe for analytic thought processes. The role of the 
right inferior frontal lobe was to block the heuristic system 
when analytical deductive thinking was needed. Thus, the 
right frontal lobe seems to play a crucial role in suppress-
ing nonrelevant thought processes when need to be solved 
that require cognitive estimation. Other authors found a 
dominance of the right hemisphere in  deductive thinking 
(occipital and parietal regions).6 There are several findings 
regarding the impact of the left hemisphere in cognitive 
estimation. Studies have also shown a participation of the 
left hemisphere in tasks requiring cognitive estimation.7–10  
Additionally, an impairment of cognitive estimation process-
es was found in patients with left- hemispheric epilepsy.7

Research has shown that anomia and aphasia are common 
symptoms of temporal lobe epilepsy (TLE).11 Numerous studies 
have reported strong correlations between the temporal lobe 
and naming ability.12–15 Especially the left temporal lobe seems 
to play an important role in object naming. Hermann et al16 
detected a significant decrease of visual naming performance 
after left temporal lobectomy. This could be explained by pa-
thology of the left speech dominant hippocampus and lesions 
in speech-related temporal areas.17,18 In addition, the left frontal 
lobe also seems to play a crucial role in naming.19–21 Various neu-
roimaging studies conclude that naming involves a widespread 
neuronal network connecting both hemispheres.22–24 For visual 
naming, network-like activities have been found in bilateral oc-
cipitotemporal and parietal regions as well as in the left frontal 
cortex,25 the left inferior temporal lobe as well as in the bilateral 
middle and inferior occipital cortex and inferior frontal parts.26

In summary, there is evidence that both naming and esti-
mating functions involve specific brain areas in the left and 
right hemispheres. Hence, the question arises if both functions 
are relatively dissociated regarding left or right hemispheric 

involvement. Therefore, the aim of this study was to show 
that because of the hypothesized differences in hemispheric 
specialization, there are distinct deficit patterns in patients 
with lesional TLE and frontal lobe epilepsy (FLE) for cogni-
tive estimation and object naming. Additionally, results of the 
patient groups were compared with those of healthy control 
group. In this study, two central hypotheses were tested:

1. Impairments of cognitive estimation are found especially 
in right hemispheric TLE and FLE.

2. Object naming deficits are found especially in left hemi-
spheric TLE and FLE.

Materials and Methods
Participants
In this study, 78 patients (39 females, 39 males) from the 
Epilepsy Center Erlangen with pharmaco-resistant epilepsy 
and diagnosed with focal FLE and TLE were investigated. The 
mean age was 36.9 years (range: 17–66 years). Exclusion cri-
teria included currently existing drug abuse and psychiatric 
or other neurologic disorders.

Patients were divided into six groups according to epilepsy 
localization in the temporal lobe (right mesial, right neocortical, 
left mesial, left neocortical focus) or the frontal lobe (left fron-
tal, right frontal focus). Furthermore, patients with TLE were 
differentiated according to the criterion hippocampal sclerosis 
(HS) or lateral-neocortical localization. Overall, the following 
groups were investigated: left frontal (LF), right frontal (RF), left 
temporal mesial (LT-mes), left temporal neocortical (LT-neo), 
right temporal mesial (RT-mes), and right temporal neocortical 
(RT-neo). In addition, a control group consisting of 16 healthy 
patients (7 women, 9 men, age range: 20–75 years) without any 
history of psychiatric or neurologic disorders was included.

Study Design
The study was approved by the local medical ethics com-
mittee (Ethikkomission Friedrich-Alexander University). The 
study was performed in accordance with the code of ethics of 
the World Medical Association (Declaration of Helsinki) for 
experiments involving humans. Neuropsychological testing 
was administered by an experienced neuropsychologist. In 
this study, an experimental cross-sectional design was used. 
The independent variable was the localization of epilepsy 
(temporal or frontal, left or right hemisphere, mesial or neo-
cortical temporal), and the dependent variables were estima-
tion performance and performance in visual object naming.

Measures
To examine the relationship between cognitive estimation and 
object naming two standardized tests were used: the German 
“Test zum Kognitiven Schätzen” (test of cognitive  estimation, 
TKS; Brand, Kalbe & Kessler, 2002)27 and the Boston Naming 
Test (BNT; Kaplan, Goodglass & Weintraub, 1983).28 The TKS 
includes four dimensions (size, weight, number, and time), 
each with four questions. An example for an item related to 
the dimension time is “How long does it take to travel from 
Hamburg to Munich by train?” Overall test performance was 
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given as the sum score of all correctly estimated items (total 
score: 16 points). The  internal  consistency (Cronbach’s α) 
of the TKS is 0.77.29 The BNT consisted of 60 line drawings 
that were presented in an order with increasing difficulty. A 
naming failure was noticed if the patient’s response deviated 
from the target name either  semantically or phonologically. 
Overall test performance was given as the sum score of all 
incorrectly named items. The internal consistency of the BNT 
ranged from r = 0.78 to 0.96.30

Statistical Analysis
Data analysis was performed using SPSS Statistics 22  
(IBM Corp. Released 2013. IBM SPSS Statistics for Windows, 
Version 22.0. Ehningen, Germany). To detect statistical-
ly significant group differences, Welch analysis of variance 
(Welch- ANOVA) was performed with group as independent 
factor and performance in the neuropsychological tests BNT 
and TKS as dependent factors. The ANOVAs were followed by 
t-tests for independent samples. Furthermore, the correla-
tion  between the naming performance in the BNT and the es-
timation performance in the TKS was examined for patients 
with focus  localization in the left and right hemispheres, 
respectively. The significance level was set p < 0.05. Demo-
graphic and clinical data of the patients and control subjects 
are presented in ►Table 1.

Results
Cognitive Estimation
Analysis of variance regarding estimation performance in 
the TKS revealed significant differences between the groups 
(F [6, 36.86] = 5.51, p < 0.01). Post-hoc t-tests showed signifi-
cantly worse estimation performance for the patient groups 

RF (t26 = −2.66, p = 0.01) and RT-mes (t27 = −3.63, p < 0.01) com-
pared with the control group. ►Table 2 specifies mean Z-scores 
and standard deviations (SD) in the TKS for each group. In 
patients with LF epilepsy, LT-mes epilepsy, LT-neo epilepsy, 
and RT-neo epilepsy, no deficit was found. ►Fig. 1 illustrates 
mean Z-scores for cognitive estimation (white bar) and nam-
ing (black bar) for all patient groups and the control group.

Object Naming
There was a significant group effect regarding performance in 
the BNT (F (6, 36.49) = 4.09, p < 0.01). Post-hoc t-tests showed 
worse performance for the LF (t25 = −2.20, p < 0.03), LT-mes 
(t32 = −3.74, p < 0.01), LT-neo (t28 = −2.25, p < 0.03), and RT-mes 
(t27 = −3.30, p < 0.01) group compared with the control group. 
As with cognitive estimation in patients with RF epilepsy, no 

Table 1 Demographic and clinical characteristics

LF (n = 11) RF (n = 12) LT-neo  
(n = 14)

LT-mes 
(n = 18)

RT-neo  
(n = 10)

RT-mes  
(n = 13)

Control group 
(n = 16)

Sex (% female) 36.4 58.3 57.1 38.8 50.0 61.5 43.7

Mean age in years (SD) 29.4 (8.8) 33.2 (12.0) 34.4 (15.9) 43.6 (13.3) 33.3 (12.8) 42.5 (14.0) 34.2 (19.2)

Mean age at seizure onset 
in years (SD)

20.3 (9.9) 15.9 (13.0) 27.7 (15.1) 25.8 (19.1) 23.4 (17.1) 19.6 (8.7)

Mean duration of epilepsy 
in years (SD)

9.0 (7.3) 17.3 (10.9) 6.6 (9.1) 17.1 (15.2) 9.8 (8.6) 22.8 (14.9)

Mean seizure frequency 
per month (SD)

6.4 (10.7) 12.6 (13.7) 5.5 (10.9) 3.8 (6.3) 4.1 (9.4) 6.4 (11.0)

Handedness right (%) 100 91.6 92.8 85.0 100 84.6

Pathology (%)

Tumor 36.4 25.0 42.9 22.0 37.5 23.1

Dysplasia 36.4 41.6 14.3 0.0 0.0 0.0

Traumatic injury 18.0 0.0 0.0 0.0 0.0 0.0

Cavernoma 0.0 0.0 42.9 0.0 25.0 0.0

HS 0.0 0.0 0.0 66.7 0.0 61.5

Cortical malformation 18.0 33.0 0.0 11.1 37.5 15.4

Abbreviations: HS, hippocampal sclerosis; LF, left frontal; LT-mes, left temporal mesial; LT-neo, left temporal neocortical; RF, right frontal; RT-mes, 
right temporal mesial; RT-neo, right temporal neocortical; SD, standard deviation.

Table 2 Overview of means and standard deviations of cor-
rect responses for estimation performance (Z-scores)

Group M SD p-Value

LF −0.6 1.4 0.52

RF −1.8 1.6 0.01

LT-mes −1.0 1.6 0.18

LT-neo −0.1 1.0 0.66

RT-mes −2.2 1.3 0.00

RT-neo −0.1 1.1 0.56

Controls −0.2 1.5

Abbreviations: LF, left frontal; LT-mes, left temporal mesial; LT-neo, 
left temporal neocortical; M, mean score; p, significance level; RF, 
right frontal; RT-mes, right temporal mesial; RT-neo, right temporal 
neocortical; SD, standard deviation.
Each p value represents the comparison between the control group 
and the corresponding patient group.
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object naming deficit was found in RT-neo epilepsy, ►Table 3 
specifies mean scores and SD in the BNT for each group.

Relationship between Object Naming and Cognitive 
Estimation
Correlation coefficients between naming performance in 
the BNT and estimation performance in the TKS was exam-
ined separately for patients with epilepsy focus in the left 
(43 patients) and right (35 patients) hemispheres. The results 
showed no significant correlations between both functions for 
patients with left hemispheric focus (r = 0.19; p = 0.22) and 
right hemispheric focus (r = 0.17; p = 0.33). Thus, in both pa-
tient groups with left or right hemispheric lesions, there was 
no association between naming and estimation performance.

Discussion
The aim of this study was to determine whether there is a dis-
crepancy between object naming and cognitive estimation in 

patients with lesion-specific FLE and TLE. It was  hypothesized 
that because of a distinct functional hemispheric specializa-
tion, naming deficits occur in patients with left hemispheric 
lesions, whereas estimation deficits occur in patients with 
right hemispheric lesions.

In this study, patients with LF, LT-neo, LT-mes, and TR-mes 
epilepsies showed deficits in object naming performance in 
comparison to a healthy control group. Deficits in confron-
tation naming performance are a common cognitive deficit 
in patients with lesions in the speech dominant left hemi-
sphere.30,31 Furthermore, deficits in cognitive estimation 
could be detected in patients with RF- and RT-me foci. These 
findings support a right hemispheric specialization for cog-
nitive estimation processes. A similar association was also 
found in studies investigating patients with extensive frontal 
lesions.1,3 In contrast to this study, these other studies did not 
apply to patients with focal epileptogenic lesions in the fron-
tal and temporal lobes.

The relationship between cognitive estimation per-
formance and hippocampal pathology (temporal mesial 
focus) highlights the special role of the right hippocampus 
for estimation processes. In this study, severe naming defi-
cits were also detected in patients with RT-mes epilepsy. 
It seems that with right hippocampal pathology, there is 
a deterioration of both object naming and cognitive esti-
mation performance. Thus, HS represents an entity that is 
associated with widespread functional disturbances, not 
only impairments in the recall of special properties32 but 
also deficits in other domains such as object naming and 
cognitive estimation.

Comparing patients with right hemispheric and left hemi-
spheric foci, there was no correlation between object naming 
and estimation performance. Accordingly, in patients with 
epilepsy in the right or left hemisphere, object naming abili-
ty is relatively independent of cognitive estimation processes 
(and vice versa). For example, if a patient with an RF focus 
shows a severe deficit in one functional domain (e. g. cogni-
tive estimation), a negative influence on the other domain  
(in this case object naming) is unlikely.

The results of this study indicate a functional dissocia-
tion between object naming and cognitive estimation in 
 epilepsy patients. From a practical point of view, we sup-
pose that usage of the TKS and the BNT in preoperative 
neuropsychological assessment of epilepsy patients can 
improve localization of epileptic focus. This approach may 
identify groups of patients with distinct neurobehavioral 
profiles that can be related to neuroimaging data and the 
underlying neurobiology.33 Based on our results, cognitive 
estimation is relatively intact in patients with left frontal 
and left or right temporal neocortical lesions. Additionally, 
relatively good naming performance is evident in patients 
with RF and RT-neo localization of epilepsy. Therefore, it is 
reasonable that a standardized neuropsychological test bat-
tery combining visual object naming and cognitive tasks can 
effectively support localization of the epileptogenic focus.

Obviously, there are many factors involved in naming 
and cognitive estimation processes. Naming processes re-
quire rapid activation of semantic information that lead to a 

Table 3 Overview of means and standard deviations of cor-
rect answers in the BNT (Z-scores)

Group M SD p-Value

LF −1.3 2.0 0.04

RF −0.7 1.7 0.18

LT-mes −3.3 3.4 0.00

LT-neo −1.3 2.1 0.03

RT-mes −1.5 1.4 0.00

RT-neo −0.2 1.0 0.61

Controls 0.0 1.0

Abbreviations: BNT, Boston naming test; LF, left frontal; LT-mes, left 
temporal mesial; LT-neo, left temporal neocortical; M, mean score; p, 
significance level; RF, right frontal; RT-mes, right temporal mesial; RT-
neo, right temporal neocortical; SD, standard deviation.

Fig. 1 Z-scores (means) for estimating performance and object nam-
ing. BNT, Boston naming test; Control, control group; LF, left frontal; 
LT-mes, left temporal mesial; LT-neo, left temporal neocortical; RF, 
right frontal; RT-mes, right temporal mesial; RT-neo, right temporal 
neocortical; TKS, Test zum Kognitiven Schätzen.
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precise specification of the corresponding lexical concept of 
the object. In contrast, cognitive estimation requires a rela-
tively widespread array of semantic knowledge (e.g., physi-
cal properties of the objects) and problem-solving abilities  
(e.g., use of strategies, plausibility check). Overall, this  
involves a network of different brain areas (also in the pari-
etal lobe) interacting with each other.

Our study has some limitations. First, the patient groups were 
relatively small and heterogeneous regarding the underlying 
pathology. Therefore, different pathologies were subsumed 
especially in patients with neocortical lesions. In contrast, the 
majority of patients with mesial temporal epilepsy were diag-
nosed with a relatively unique pathology (hippocampal sclero-
sis). A larger sample size as well as samples comparing specific 
pathologies (e.g., tumor, cavernoma, hippocampal sclerosis) 
could lead to more specific results. Specifically, a larger sample 
of patients with a frontal or temporal epileptic focus would pro-
vide more accurate mean values and avoid errors from testing a 
small number of possibly atypical samples.

The findings in this study should provide encouragement 
for further research. Future studies addressing specific neu-
ropsychological functions in FLE and TLE regarding cogni-
tive estimation, object naming, and other cognitive domains  
(e.g. material-specific memory deficits, other executive func-
tions) will improve our understanding of the spectrum and 
diversity of cognitive deficits in epilepsy. The results of this 
study contribute to our understanding of the functional spe-
cialization of frontal and temporal lobes in both the hemi-
spheres by demonstrating their specific role in object naming 
and estimation of physical and metrical properties.

Conclusions
This study shows a functional dissociation between cognitive 
estimation and object naming in patients with focal temporal 
and frontal lobe epilepsies. It is concluded that the individual 
cognitive profile is strongly influenced by the affected hemi-
sphere and the involvement of mesial temporal structures 
(e.g., hippocampal sclerosis) or the frontal lobe. Focal epilep-
sies in the right (frontal localization, hippocampal sclerosis) 
and left (lateral-neocortical localization) hemispheres can be 
differentiated by specific estimation and object naming tests.
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