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Background and purpose: People with multiple sclerosis (MS) have to face

important decisions with regard to their medical treatment. The aim of this

study was to evaluate whether a targeted cognitive training reduces framing

effects and thus improves medical judgments.

Methods: This was a randomized, double-blind, cross-over study enrolling

patients with relapsing-remitting MS and healthy controls (HCs). Participants

were randomly assigned to training order A (first week, numerical training;

second week, control training) or B (reverse order). The primary endpoint was

changed in a framing task score (framing effect). In the framing task, partici-

pants evaluated the success of fictive medications on a 7-point scale. Medica-

tions were described in either positive or negative terms.

Results: A total of 37 patients and 73 HCs performed either training order A

(n = 56) or B (n = 54). The framing effect decreased after the numerical train-

ing regardless of training order. No such decrease was found after the control

training. Mean change in framing effect was �0.3 � 0.8 after the numerical

training and 0.03 � 0.6 after the control training. This specific effect of train-

ing type was comparable between groups.

Conclusion: Judgments of medical information improve in both patients with

relapsing-remitting MS and HCs after a targeted numerical training. Thus, a

specific cognitive intervention may help patients making informed decisions.

Introduction

Risk understanding is essential for participating in

health care and making informed decisions. Health-

related information contains complex numerical con-

cepts such as probabilities, fractions or percentages

(e.g. 1 out of 6, ¾ or 20%; hereafter, ratio concepts)

[1], which are challenging for many people [2,3]. Poor

ratio processing is often associated with poor decision

making [1] and stronger framing effects [4]. The term

framing effect means that the way that information is

presented influences individuals’ preferences and deci-

sions [5]. Neurological patients with cognitive impair-

ments show stronger framing effects than cognitively

preserved people [6], which could bias their medical

decisions.

People with multiple sclerosis (MS) have to face

important decisions regarding their medical treatment.

Thus, intact risk understanding is crucial. Promising

disease-modifying therapies for MS, especially those

used for treatment escalation (e.g. natalizumab), offer

substantial benefits but are also associated with poten-

tially serious, even life-threatening side-effects [7,8]. As

compared with their treating physicians, patients per-

ceive MS as more disabling and are willing to accept

higher risks of treatment side-effects [9]. Patients with

MS also show some difficulties in advantageous deci-

sion making [10,11]. In this study, we examined

whether a targeted numerical training reduces framing

effects and thus improves the evaluation of medical

information in patients with MS and healthy controls

(HCs). We hypothesized that focusing attention on

numerical information should lead to reduced framing
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effects. However, a control (non-numerical) training

should not lead to performance changes. Lower fram-

ing effects after training might indicate a lower influ-

ence of the information frame and higher reliance on

analytical information processing.

Methods

Participants

We recruited 174 participants: 70 patients with a con-

firmed diagnosis of relapsing-remitting MS (RRMS)

[12] and 104 HCs. Exclusion criteria were: history of

a major medical, psychiatric or neurological disorder

other than RRMS and substance abuse or steroid

treatment for MS relapse within 6 weeks prior to

evaluation. We also excluded patients with current

major depressive episodes or an Expanded Disability

Status Scale (EDSS) [13] score >4. All participants

had an estimated verbal intelligence quotient of at

least 85. The study was approved by the ethics com-

mittee of the Medical University of Innsbruck (ethical

approval number: UN2013-0056, 332/4.5). Informed

consent was obtained from all individuals before par-

ticipation.

Procedure

Of the 174 participants, 37 patients with RRMS and

73 HCs agreed to participate in the training study (we

report here the data of these 110 participants). The

remaining participants performed a neuropsychologi-

cal baseline assessment and scored comparably to the

participants of the training study. A schematization of

the study procedure is given in Fig. 1. At baseline

(T1), participants performed a neuropsychological

assessment, ratio-processing tasks and a framing task.

Subsequently, they received an envelope with training

material, training order and written instructions.

Training material and procedure were additionally

explained by a laboratory employee. Training order

was placed in an extra sealed envelope that could only

be seen by the participant. We used a double-blind,

controlled, cross-over design with participants being

randomly assigned to training order A (first week,

numerical training; second week, control training) or

B (reverse order). All personnel were masked to treat-

ment assignment. Participants were not informed

about the differences between interventions or the

expected results. After T1, participants performed

2 weeks of training, each followed by a short exami-

nation [first follow-up (T2), second follow-up (T3);

parallel task versions were used in counterbalanced

order].

Training compliance and results were checked at

the end of T3 by L.Z. The majority of participants

judged the two trainings as comparably difficult.

Neuropsychological background assessment

Tests assessed logical reasoning, response inhibition,

verbal attention span, verbal working memory and

mental complex calculation (see Appendix S1, online

only). Participants also responded to a questionnaire

on anxiety and depression symptoms. Additionally,

they performed two ratio-processing tasks in which

they were, for example, required to convert percent-

ages or compare proportions. The percentage of total

correct answers in both tasks was submitted to

analysis.

Framing task

This task contained 20 statements about the success

of fictive medications [6]. Participants were informed

that medications were used for the treatment of mild

diseases like a common cold and were asked to evalu-

ate them on a 7-point color-based scale from negative

(left side, red colored) to positive (right side, green

colored). Answers were recorded by the examiner by

associating a number to each point (from 1, left-most

Numerical training
(5 days)

Control training
(5 days)

Control training
(5 days)

Numerical training
(5 days)

Assessment T2
(ratio-processing tasks, framing

task)

Assessment T2
(ratio-processing tasks, framing

task)

Assessment T3
(ratio-processing tasks, framing

task)

Assessment T3
(ratio-processing tasks, framing

task)

Assessment T1
(Npsych. tests, ratio-processing

tasks, framing task)

Assessment T1
(Npsych. tests, ratio-processing

tasks, framing task)

Training order A 
(MS, n = 18; HC, n = 38)

Training order B 
(MS, n = 19; HC, n = 35)

Participants (N = 110)

Figure 1 Schematization of study procedure. HC, healthy con-

trol; MS, multiple sclerosis. T1, baseline; T2, first follow-up; T3,

second follow-up.
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point to 7, right-most point). Medications were

described using either positive (e.g. effective in 84% of

cases) or negative (e.g. ineffective in 16% of cases)

terms. Performance on the framing task (framing

effect) was measured as the difference between scores

given to positively framed items (n = 10) and nega-

tively framed items (n = 10). A score difference above

zero indicates that positively framed items are evalu-

ated more positively than negatively framed items. We

also computed a measure of changes in performance

over time specific to the numerical training as ‘Fram-

ing effect at T1 minus framing effect at T2’ for the

participants assigned to training order A and ‘Fram-

ing effect at T2 minus framing effect at T3’ for the

participants assigned to training order B. This mea-

sure was used in the correlation analysis.

Numerical training

In the first two sessions, participants had to link per-

centages and frequencies to pictographs and to convert

frequencies to percentages and vice versa. In the third

session, they performed comparison tasks with sym-

bolic (frequencies, percentages) and non-symbolic (pic-

tographs) representations. In the fourth session, tasks

required the comparison of decimals and fractions and

the conversion of decimals into fractions and vice

versa. In the last session, participants had to compute

discounted prices (see Appendix S1, online only).

Control training

In each of five sessions, participants received one page

of text to read [14], followed by eight multiple-choice

questions to probe text comprehension. Texts con-

tained either no numerical information or integers

(e.g. 34) but no ratio numbers.

Statistics

Groups were compared by chi-square test (gender), inde-

pendent-sample t-tests (age, education) and MANOVA

(neuropsychological tests). A mixed ANOVA with session

(T1, T2, T3), training order (A, B) and group (RRMS,

HCs) as factors was performed on the percentage of cor-

rect answers in ratio-processing tasks. Performance on the

framing task was investigated by submitting score differ-

ences (framing effect) to a mixed ANOVA with session,

training order and group as factors. A Pearson correlation

analysis was carried out between the framing effect at T1,

changes in framing effects over time specific to the numeri-

cal training and demographical/neuropsychological vari-

ables. Demographical/neuropsychological variables

showing a significant correlation with the framing effect at

T1 or the changes in performance over time specific to the

numerical training were then entered into a stepwise

regression analysis as predictors of interest. Correlation

and regression analyses were performed on the whole sam-

ple. An additional Spearman rank-order correlation analy-

sis was carried out for the patient group between framing

effects at each time point, clinical variables (disease dura-

tion, EDSS score) and measures of fatigue (Fatigue Sever-

ity Scale [15], currently perceived fatigue). Significance was

set at a = 0.05.

Results

Characteristics at T1 are given in Table 1. Groups

had comparable age and education. There were more

female participants in the patient group than in the

control group.1

Neuropsychological background performance

Descriptive statistics and results of the MANOVA are

presented in Table 2. Mean scores of both groups were

in the average range of standardized norms in all tests.

Groups did not differ in tests of response inhibition,

verbal attention span, verbal working memory and

mental complex calculation. However, patients scored

lower than controls in logical reasoning. Patients also

obtained higher (mild) depression scores than controls,

whereas groups did not differ in anxiety scores.

Ratio-processing tasks

There was a significant main effect of group

(F1,106 = 5.49, P = 0.021, d = �0.45, moderate effect

size), with patients scoring lower than controls

(mean � SD: RRMS, 78.0 � 19.6% correct answers;

HCs, 85.9 � 14.9% correct answers). The main effect

of session was also significant (F2,212 = 15.30,

P < 0.001). Post hoc contrasts indicated that accuracy

increased from T1 to T2 (P < 0.001) and remained

stable between T2 and T3 (P = 0.537). The mean

accuracy in ratio-processing tasks was 79.4 � 21.4%

at T1, 84.8 � 16.7% at T2 and 85.5 � 17.0% at T3.

Other results were not significant (all P > 0.1). The

number of participants who responded at ceiling

(100% correct answers) was 18 (16.4%) at T1, 19

(17.3%) at T2 and 28 (25.4%) at T3.

Framing task

There was a significant main effect of group

(F1,106 = 4.20, P = 0.043, d = 0.46, moderate effect

1Gender showed no significant influence on performance.
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size), with patients showing overall stronger framing

effects than controls (RRMS, 1.0 � 1.0; HCs,

0.6 � 0.7). The main effect of session was also signifi-

cant (F2,212 = 4.21, P = 0.016). Post hoc contrasts

indicated that the framing effect was smaller at T3

(0.6 � 0.9) than at T1 (0.9 � 0.9; P = 0.009) and T2

(0.8 � 1.0; P = 0.043). The contrast T1 vs. T2 was

not significant (P = 0.244). There was also a signifi-

cant interaction between session and training order

(F2,212 = 3.79, P = 0.024; Fig. 2). Post hoc compar-

isons demonstrated that, regardless of the training

order, the framing effect decreased after 1 week of

numerical training (both P < 0.05). No such decrease

was found after 1 week of control training

(both P > 0.1). Mean change in framing effect was

�0.3 � 0.8 after the numerical training and

0.03 � 0.6 after the control training. Other results

were not significant (all P > 0.1).

Healthy controls without training

In order to assess possible test–retest effects, we recruited
an additional 25 healthy individuals (age,

41.7 � 21.2 years; education, 13.8 � 2.2 years). This

new group of HCs performed the three assessments at

weekly intervals but received no training in between. Per-

formance on framing and ratio-processing tasks was sepa-

rately analyzed by means of repeated-measures ANOVA

with session as between-subject factor. Results showed no

performance changes over time in any measure (Table S1,

online only; all P > 0.1), even when individuals perform-

ing at ceiling (first assessment) were excluded.

Correlation analysis

A stronger framing effect at T1 was associated with

older age, lower education and lower scores in logical

Table 1 Characteristics of patients with multiple sclerosis (MS) and healthy controls (HCs)

Patients with MS (n = 37) HCs (n = 73) Cohen’s d t-value P-value

Femalea 27 (73.0) 39 (53.4) n.a. n.a. 0.048b

Age at T1 (years)c 43.30 (10.55) 38.96 (14.30) 0.34 t108 = 1.63 0.105d

Education at T1 (years)c 12.97 (3.02) 13.71 (2.44) �0.27 t108 = �1.38 0.169d

EDSS scoree 2.0 (0–4) n.a.

Disease duration (years)c 10.39 (7.74) n.a.

Current DMT at T1

Fingolimoda 6 (16.2) n.a.

Glatiramer acetatea 6 (16.2) n.a.

Interferon beta-1a i.m.a 5 (13.5) n.a.

Natalizumaba 4 (10.8) n.a.

Interferon beta-1a s.c.a 3 (8.1) n.a.

Othera 3 (8.1) n.a.

Nonea 10 (27.1) n.a.

FSS scorec 4.45 (1.43) n.a.

Currently perceived fatigue (from 0,

no fatigue to 10, extreme fatigue)c
2.35 (2.08) n.a.

DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; FSS, Fatigue Severity Scale; i.m., intramuscular; n.a., not applica-

ble; s.c., subcutaneous; T1, baseline; an (%); bChi-square test; cMean (SD); dIndependent-sample t-test; eMedian (range).

Table 2 Scores in neuropsychological background tests of patients with multiple sclerosis (MS) and healthy controls (HCs)

Max. score

Patients with MS (n = 37) HCs (n = 73)

Cohen’s d F-value P-valueMean Mean

Overall MANOVA F8,101 = 2.11 0.041

Logical reasoning (test score) 25 16.8 (3.4) 18.2 (3.3) �0.41 F1,108 = 4.25 0.042

Response inhibition time (ms) 425.0 (82.3) 408.1 (62.9) 0.23 F1,108 = 1.44 0.234

Response inhibition (errors) 1.2 (2.0) 0.8 (1.2) 0.25 F1,108 = 1.83 0.179

Verbal attention span (test score) 12 8.0 (2.0) 8.0 (1.7) �0.01 F1,108 = 0.00 0.942

Verbal working memory (test score) 12 6.7 (2.2) 6.9 (2.0) �0.08 F1,108 = 0.18 0.674

Mental complex calculation (test score) 16 15.1 (1.0) 15.2 (1.2) �0.04 F1,108 = 0.04 0.851

Anxiety score 21 5.0 (3.6) 4.2 (2.8) 0.26 F1,108 = 1.84 0.178

Depression score 21 3.5 (3.3) 2.4 (2.3) 0.39 F1,108 = 4.23 0.042

Data are given as Mean (SD).
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reasoning, verbal working memory, mental complex

calculation and ratio processing. A reduction in fram-

ing effects following the numerical training was more

evident for those persons who showed a stronger

framing effect at T1. Other results were not significant

(Table 3 for r- and P-values). The association of

framing effect at T1 with education, logical reasoning,

ratio processing and changes in framing effects over

time remained significant after Bonferroni correction

(a = 0.0024).

No significant correlations were found for the

patient group between framing effect at any time

point, disease duration, EDSS score, Fatigue Severity

Scale and perceived fatigue (Table 4).

Regression analysis

A stepwise regression analysis was conducted to evalu-

ate whether logical reasoning, verbal working

memory, mental complex calculation, ratio processing,

age and education could predict the framing effect at

T1. We found a significant model (F1,108 = 22.94,

P < 0.001), with ‘logical reasoning’ entering into the

regression equation and being significantly correlated

with the dependent variable. The multiple correlation

coefficient was 0.18, indicating that approximately

16.8% of variance in the framing effect could be

accounted for by performance on the logical reasoning

test. Other variables were removed.

Discussion

This study shows for the first time that a targeted cog-

nitive training improves the evaluation of medical

information in both patients with RRMS and HCs. In

a controlled cross-over design, patients with RRMS

and HCs underwent both a numerical training and a

control (non-numerical) training. Participants were

tested on a framing task before training and after

each training week. Both patients with RRMS and

HCs showed a significant effect of training type.

Indeed, the framing effect decreased after 1 week of

numerical training, whereas performance did not

change following 1 week of control training. This

finding cannot be explained by test–retest effects, as a

second group of HCs, who performed the three assess-

ments but no training in between, did not show any

significant change over time. Regardless of the train-

ing type, patients were influenced more strongly than

HCs by the information frame, which suggests partic-

ular caution in the communication of medical infor-

mation to patients with MS. In a neuropsychological

assessment, patients demonstrated minor alterations in

logical reasoning, ratio processing and depression

scores, whereas they performed comparably to HCs in

tests of verbal attention span, verbal working mem-

ory, mental calculation, response inhibition and anxi-

ety (for similar results see [10]).

The framing effect of the whole sample correlated

with both demographic variables and cognitive scores,

with stronger framing effects being associated with
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Figure 2 Performance on the framing task of patients with mul-

tiple sclerosis and healthy controls. T1, baseline; T2, first follow-

up; T3, second follow-up. Error bars are standard errors of the

mean. *P < 0.05; **P < 0.01. Gray line, control training/numeri-

cal training; black line, numerical training/control training.

Table 3 Coefficients of a Pearson correlation analysis on the whole sample (n = 110)

(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(1) 0.405

(<0.001)*
0.226

(0.018)*

�0.328

(<0.001)*
�0.419

(<0.001)*
�0.094

(0.330)*

�0.120

(0.212)*

�0.280

(0.003)*

�0.244

(0.010)*

�0.381

(<0.001)*
0.043

(0.656)*

�0.022

(0.819)*

(2) — �0.037

(0.703)*

�0.137

(0.154)*

�0.121

(0.207)*

0.028

(0.775)*

�0.070

(0.469)*

�0.126

(0.189)*

�0.094

(0.329)*

�0.034

(0.723)*

0.004

(0.969)*

0.019

(0.846)*

(1) Framing effect at baseline (difference score); (2) changes in framing effect over time specific to the numerical training; (3) age (years); (4)

education (years); (5) logical reasoning (correct answers); (6) response inhibition (reaction times in ms); (7) verbal attention span (test score);

(8) verbal working memory (test score); (9) mental complex calculation (correct answers); (10) ratio processing (correct answers); (11) anxiety

(test score); (12) depression (test score); *r-value (P-value).
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older age, lower education and lower performance in

logical reasoning, working memory, mental calcula-

tion and ratio processing. However, only logical rea-

soning emerged as a significant predictor of variance

in the framing task. In a recent study with patients

with mild cognitive impairment [16], we showed that

numerical training and training of executive functions

have differential effects on performance in ratio pro-

cessing. Only the numerical training proved to be

effective. The effects of the two training types on deci-

sion making were less clear-cut. A future study might

investigate the relative efficacy on medical judgments

and framing effects of executive functions training (in

particular, logical reasoning) in comparison to numer-

ical training.

Evaluation of different options is a precondition

for informed decision making. Previous studies with

healthy individuals have shown that explicit reason-

ing about options, probabilities and consequences

[17] as well as explicit advice about advantageous

options [18] improves decision making under risk.

Our results show that (i) training alters the way that

medical information is evaluated; (ii) patients with

RRMS and HCs can profit from cognitive training;

and (iii) the type of training has specific effects. One

might speculate that understanding and processing of

ratio concepts improved through the numerical train-

ing. This might have led to a better understanding of

the numerical information (percentages) presented in

the framing task and thus to lower framing effects.

However, other factors might also have played a rel-

evant role. It has been shown that framing effects

tend to diminish when people are encouraged to use

analytical information processing instead of heuristic

processing [19]. Reflective processing also moderates

the effect of misleading information in decision mak-

ing under risk [20].

Although these results are very promising, we

should acknowledge some limitations. We investigated

short-term effects of cognitive training. Other studies

reported long-term effects and transfer to daily life

activities [21]. Whether this also applies to improve-

ments in medical judgments following a numerical

training needs to be assessed. Also, we do not yet

know whether the number of sessions plays a role and

whether booster sessions are required at regular inter-

vals. Furthermore, we did not find differences with

regard to the effects of cognitive training between

patients with RRMS and HCs. This finding might be

due to the relatively small sample size masking poten-

tial differences. Moreover, our patient sample was

cognitively well preserved. Future studies might

include a larger patient sample with higher degree of

disability and different MS forms.

Information seeking and understanding of numeri-

cal information are essential for good decision making

in medical situations. It is possible that framing effects

are lower after the numerical training because partici-

pants pay more attention to numbers, accept numbers

as a useful information source and rely on numerical

information more than on other information [22]. In

the light of these findings, we suggest that a targeted

cognitive training may enhance the evaluation of new

information and may reduce framing effects. This in

turn should favor informed decision making in the

health context. This study adds to previous

investigations on risk understanding in patients with

MS [23–25].
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Additional Supporting Information may be found in

the online version of this article:

Appendix S1. Neuropsychological background assess-

ment.

Table S1. Performance on the framing and ratio-proces-
sing tasks of healthy individuals (n = 25) repeating the

three assessments without training.

Table 4 Coefficients of a Spearman rank-order correlation analysis

performed for the patient group (n = 37)

(4) (5) (6) (7)

(1) �0.143

(0.399)*

0.084

(0.621)*

0.219

(0.193)*

0.244

(0.145)*

(2) �0.221

(0.188)*

0.052

(0.758)*

0.188

(0.266)*

0.201

(0.234)*

(3) �0.117

(0.491)*

�0.025

(0.881)*

0.111

(0.514)*

0.100

(0.556)*

(1) Framing effect at baseline (difference score); (2) framing effect at

first follow-up (difference score); (3) framing effect at second follow-

up (difference score); (4) disease duration (years); (5) Expanded Dis-

ability Status Scale; (6) Fatigue Severity Scale; (7) currently per-

ceived fatigue; *r-value (P-value).
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