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Abstract

People often use automated systems to assist them to reduce personal efforts, reduce errors

and improve safety. Previous research has shown that people’s behavioural actions and

decisions are based on the available information, more specific direct and indirect

information. The current research aims to investigate the effect of positive and negative direct

and indirect information on control allocation and the mediation of trust and confidence on

this relationship. Direct information consisted of the experience of the user with a navigation

system and indirect information consisted of satisfactions percentages of other users of the

navigation system. The design of the research consisted of a 2x2x2 mixed design with indirect

and direct information as within-subject variables and order of the information as between

subject variables. Results indicate that trust fully mediates the relationship of indirect

information and control allocation and confidence partially mediates the relationship of direct

information and control allocation. Furthermore, when people were presented with both direct

and indirect information, direct information appeared to affect control allocation more

extreme than indirect information.

Keywords: allocation of control, confidence, experience, reputation, trust.
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Introduction

In situations where it is dangerous, impossible or time consuming for people to

perform a task or make a certain decision, often systems are used to do this for them. For

example measuring the temperature in a factory and shutting down the system when the

temperature gets too hot. Or even extremer, exploring the surface of the moon. In these

situations the user has no choice but to accept the role of the system. However, more often

people use automated systems to do things they are able to do themselves or at least assist

them to reduce personal efforts, reduce errors and improve safety. Parasuraman and Riley

(1997) define automation as a device or system that accomplishes (partially or fully) a

function that was previously, or conceivably could be, carried out (partially or fully) by a

human operator. Parasuraman, Sheridan and Wickens (2000) note that automation can vary

across a continuum of ten levels ranging from the lowest level of fully manual performance to

the highest level of full automation. A part of this spectrum covers an area that can be

described ‘as automated decision aids’. Here the system suggests alternatives and the user can

then decide whether to follow this advice or decide otherwise (Parasuraman, Sheridan and

Wickens, 2000). But when do people decide to follow the advice given by the system and thus

allocate their control to a system or even have the system perform the task?

Research on decision making has shown that people often base their decision on

available information about the product or service. Mitra, Reiss and Capella (1999)

acknowledge the importance of information on the decision making process and have made a

distinction between search information and experience information. Search information is

information retrieved before purchase or use and is based on the product attributes or the

evaluations of others. Experience information is an evaluation of a product or service after

usage. Their definitions are aimed at decision making process in consumer product decision

marketing. McKnight, Cummings and Chervany (1998) make a distinction between direct and
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indirect information. Direct information is information based on interactions with a

product/service and is built on experiences (McKnight, Cummings and Chervany, 1998).

Indirect information is information that is gathered from third parties such as

recommendations and evaluations (McKnight, Cummings and Chervany, 1998). When

putting the distinction by Mitra, Reiss and Capella (1999) in a broader perspective, search

information could be labelled as indirect information and experience information as direct

information. Linking this to the question posed in the previous paragraph, the decision of

people to allocate their control to the system could be affected by the available indirect and

direct information.

Indirect Information

Reputation is an evaluation of the vendor’s past performance and behavior by third

parties (Zacharia and Maes, 2000). When presented to potential users this can be labeled as

indirect information. The effect of reputation on the trust of consumers has been researched in

areas such as marketing, e-commerce and social psychology. Koufaris and Hampton-Sosa

(2004) showed that one of the most important antecedents of initial trust is the perceived

reputation of the company by new customers. In their research, reputation was manipulated by

presenting the user with feedback information of other users. Perceived reputation was

defined as the degree in which people believe in the company’s honesty and concern towards

its customers. McKnight, Choudhury and Kacmar (2002) also recognize the importance of

perceived reputation when trust is concerned. For web vendors, word of mouth reputation can

be a key to attracting new customers. Hearing from someone that they had a good experience

with a certain web vendor helps decrease the perceived risk and increase the perceived trust in

that vendor. Ba and Pavlou (2002) tested the effect of positive and negative feedback on trust

and found that the formation of a buyer’s trust in a seller is determined by the direction of the
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feedback. Feedback consisted of negative and positive messages. Positive messages had a

positive effect on trust and negative messages had a negative effect. De Vries and Midden

(2008) conducted an experiment in which they manipulated the indirect information

participants received about a navigation system. Participants were presented with a high, low

or no consensus cue and they were not presented with any direct information. Consensus

meant presenting the participants with percentages regarding the opinion of others about a

system,  that is a favourable opinion endorsed by many persons (majority cue) may be

interpreted positively, whereas a favourable opinion endorsed by few (minority cue) may be

interpreted negatively. Results showed a significant effect of consensus on trust measures and

a significant effect on allocation of control between majority and minority cues. Based on

previous discussed research we can conclude that indirect information affects the opinion and

behaviour of people and can thus also influence the control allocation.

Direct Information

Direct information consists of experiences people have with a product or system

(McKnight, Cummings and Chervany, 1998). Research on trust in a navigation system by de

Vries, Midden and Bouwhuis (2003) showed that participants who experienced a low error

rate in automatic mode would let the navigation system plan the route more often than did

participants in the high error rate condition. A similar effect of error rates in manual mode

was found: people tended to abstain from use of the manual mode when the error rate in the

fixed trials was high. Muir (1989) demonstrated a strong relation between automation

accuracy, changes in users’ trust in automation and their decisions concerning the allocation

of control: when automation turned faulty, both system trust and automation use diminished.

The above mentioned researches show that direct information also affects the opinion and

behaviour of people and can thus also influence the control allocation.
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Mediating Variables

Several studies in several domains suggest that the relation between indirect and direct

information and the behavioural action (cooperation, control allocation) is mediated by

confidence and trust (Earle and Siegrist, 2006; Ramchum, Huynh and Jennings, 2004;

Ramchum, Sierra, Godo and Jennings, 2003). Ramchum, Huynh and Jennings (2004, p.839)

define confidence as follows: “ α’s confidence is an issue x handled by β is a measure of

certainty, based on evidence from past direct interactions with β, which allows α to expect a

given set of utility deviation values to be achieved by β for x” . This definition of confidence

implies that past direct interaction with a system (β) and its performance (x) affects a person’s

confidence (α) in the system resulting in expectations concerning the future performance of

the system. Building on this definition, the relation between direct information and

behavioural intentions is mediated by confidence.

Gambetta (1988) defines trust to be a “particular level of subjective probability with

which an agent assesses that another agent will perform a particular action, both before the

assessing agent can monitor such an action and in a context in which it affects the assessing

agent’s own action”. In this definition trust is based on the opinion of others regarding an

individual known as the individual’s reputation.  Ramchum, Huynh and Jennings (2004,

p.840) define reputation as follows: “ α’s estimate of β’s reputation in handling an issue x is

α’s measure to certainty, based on the aggregation of confidence measures (for x) provided to

it by other agents which have previously interacted with β which allows α to expect a given

set of values to be achieved by β for x” . Combining the definitions of Gambetta(1988) and

Ramchum, Huynh and Jennings (2004), trust is an estimate of a systems (β) performance (x)

affected by the opinions of others who have previously interacted with the system. The

opinions of others can be categorized as indirect information. So the relation between indirect

information and behavioural intentions is mediated by trust.
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The Current Research

Previous research suggests that both direct and indirect information affect the

expectations people have about certain systems. These expectations can influence whether or

not people decide to allocate their control to the system. The focus of these studies is often on

the effect of either direct information or indirect information on these expectations. But what

happens when people are presented with both direct and indirect information. It is often the

case that people have heard things about a certain system and then decide use the system

themselves. What happens when the evaluations of others are not in line with your own

experiences? More specific, what happens when other people express positive evaluations

about the system and your own experiences are negative, or vice versa. Previous research also

implied that the relation between direct information and control allocation might take place

through confidence and the relation between indirect information and control allocation might

go through trust. These assumptions lead to the model presented in figure 1.

Figure 1 Presentation of the expected mediating effect.

In the current research we will examine the interaction effect positive and negative

direct and indirect information of the allocation of control.

In line with previous research we expected that when people are presented with only

direct information, the valence of this information affects the confidence people have in the

Control allocation

Indirect information
(reputation)

Trust

ConfidenceDirect information
(experience)
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system and thus the control allocation. So when people have a positive experience with the

system, they will have a lot of confidence in the system and allocate their control the system.

When people have a negative experience with the system, their confidence will be low and

people will not allocate their control to the system. A similar effect is expected with indirect

information. When indirect information is positive, participants will have more trust in the

system compared to the situation where indirect information is negative. These expectations

result in the following hypotheses:

H1: We expect a main effect of indirect information on trust and control allocation. If indirect

information is positive, trust and control allocation will be high. If indirect information is

negative, trust and control allocation will be low.

H2: We expect a main effect of direct information on confidence and control allocation. If the

direct information is positive, confidence and control allocation will be high. If the direct

information is negative, confidence and control allocation will be low.

H3: We expect that trust will mediate the relation between indirect information and control

allocation and confidence will mediate the relation between direct information and control

allocation.

Valence Effects

The aim of this research is to examine the relation between direct and indirect

information on control allocation. To examine the relation and possible interactions between

these two types of information, valence needs to be varied. For example, what will happen

when people have a positive experience but receive negative indirect information? According
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to the negativity bias people react more strongly to negative information than to positive

information (Siegrist and Cvetkovich, 2001; Rozin and Royzman, 2001). People also tend to

trust a message expressing risk more than information expressing no risk (Siegrist and

Cvetkovich, 2001). In line with previous research we expect that the valence of the

information will affect the control allocation of the participants. When one type of

information has a negative direction we expect the allocation of control to be lower compared

to when both direct and indirect information are positive. This expectation result in the

following hypothesis:

H4: We expect an effect of valence on the allocation of control. When people receive negative

direct and/or negative, control allocation will be lower compared to when people receive

positive direct and indirect information.

Research has also been conducted on the difference between direct and indirect

information. Smith and Swinyard (1983) tested the effect of direct and indirect information in

attitude behaviour. Their study showed that attitudes are more extreme for participants

exposed to product trial than for participants exposed to product advertising, indicating that

direct information has a larger impact than indirect information. Daugherty, Li and Biocca

(2008) performed a similar experiment; in their study direct experience was presented in the

form of a virtual experience. Their results indicated that consumers perceive the examination

of products in a virtual experience as being richer than indirect experience. Participants

reported significantly higher levels of product knowledge, brand attitude, and purchase

intention after the virtual (direct) experience. Having a richer experience will cause more

certainty with the consumers and will lead to a stronger more definitive attitude. With regard

to the effect of direct and indirect information we hypothesize:
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H5: We expect an effect of the type of information. The valence of direct information will

have a bigger effect on the control allocation than the valence of indirect information.

Besides testing the two hypotheses regarding the valence of the information,

explorative analyses will be conducted to examine the interaction between positive and

negative direct and indirect information. Initial expectations, based on the negativity bias and

the difference in impact of direct and indirect information, are that when direct information is

negative, indirect information will not affect the allocation of control. When direct

information is positive, indirect information will affect the allocation of control; negative

indirect information will decrease the control allocation and positive indirect information will

increase the control allocation (See figure 2).

Figure 2 Expected interaction effect on trust, confidence and allocation of control

In this experiment participants were asked to use a navigation system and were

presented with two types of information, direct and indirect information. Trust in this research

concerns an expectancy or an attitude regarding the likelihood of a favourable

response/outcome (Lee and See, 2004). Confidence is defined as the belief, based on

Positive direct information Negative direct information

Positive indirect
information

Negative indirect
information

Positive indirect
information

Negative indirect
information

Control
allocation
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experience or evidence that certain future events will occur as expected (Earle and Siegrist,

2006).

Method

Participants and Design

Participants all followed higher education and were all familiar with the use of a

navigation system. Ages of the participants ranged from 19 to 31 year old (mean = 25.27, SD

= 0.39). In total forty-five participants (26 male, 19 female) participated in a 2 (order: direct-

indirect vs. indirect-direct) x 2 (indirect information: negative vs. positive) x 2 (direct

information: negative vs. positive) mixed design (See table 1). Because the manipulations

were not presented simultaneously, order was manipulated between participants and direct

and indirect information within participants. The design implies that every participant

completed four conditions in the order direct-indirect or in the order indirect-direct. For a

participation of 30 minutes participants were paid €5.

Table 1 Experimental design

Materials and Procedure

On arrival participants were welcomed and requested to take a seat in front of the

computer after which the experiment leader started the experiment. In the experiment a

navigation system was used to gather information about the effect of the manipulations on
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trust, confidence and the allocation of control. A navigation system used in previous research

(de Vries, Midden and Bouwhuis, 2003) was used to plan the routes on a city map of London,

see figure 3. Direct information was manipulated by having the participants use the system

seven times per condition. In the positive condition participants were presented with the

shortest route (in km), in the negative condition the planned routes were clearly detours. The

routes were pretested to ensure the desired manipulation and avoid ambiguous information.

For both types of direct information (negative and positive) ten routes were programmed and

during the experiment participants were randomly presented with seven of the ten routes. This

was done to ensure that participants were shown different routes in different orders. Indirect

information was manipulated by presenting the user with consensus cues. In the positive

condition participants were presented with a histogram and text which showed that 86% of the

participants were extremely satisfied with the navigation system and 3% was extremely

dissatisfied. In the negative condition these values were respectively 20% and 50% (adopted

from Maheswaran and Chaiken 1991).

Figure 3 Screenshot of the navigation system
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Indirect-direct.

As mentioned, the order in which direct and indirect information was presented was

manipulated between subjects. Thereby half of the participants were first presented with

indirect information followed by direct information. For this order, after an introduction of the

experiment and an explanation what the supposed goal was of the experiment, participants

were presented with the indirect information (which consisted of the percentages of satisfied

and dissatisfied users). The effect of this information was measured in two different ways; a

questionnaire and a behavioural measure (control allocation). First participants were asked to

answer questions regarding their trust in the system on a seven point scale (table 2). These

questions were retrieved from the article by Verberne, Ham and Midden (2010). Second,

participants were shown a start- and endpoint on a map and requested to determine the

shortest route for themselves, they did not have to draw this in the map. After determining

their shortest route they were asked a question of whether or not they would use the

navigation system to plan the route. To avoid any effect on the manipulations, these routes

were not planned. Participants were presented with five different route planning trials. Per

route planning trial, participants received 10 credits, which, either entirely or partially, could

be put at stake in a bet. Directly after participants had decided if they wanted the navigation

system to plan the route, a dialogue box would appear on the screen, asking participants to

enter the amount of credits they wanted to stake on their decision. These stakes would

represent how sure participants were of their decision. Participants were told that their final

payment was dependent on the credits won in the bet, this to make sure they would answer the

question seriously.

After answering questions about the indirect information, participants were requested

to actually use the system, which served as the direct information manipulation. Participants

were shown a start and endpoint on a map and were asked to first determine a route for
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themselves and then press ‘plan route’. They were instructed to observe the route the

navigation system planned, this to make sure they were able to answer the questions regarding

the functioning of the navigation system. After using the navigation system seven times

participants were asked to answer questions regarding their trust and confidence in the

system, trust questions were similar to the question presented after the first manipulation.

Confidence questions based on research by Madsen and Gregor (2002) are presented in table

3. Second participants were again shown a start- and endpoint on a map and asked the

question of whether or not they would use the navigation system to plan the route and how

many credits they would stake on their decision.

Table 2 Trust questions

Table 3 Confidence questions

1. I am wary of this navigation system

2. I would entrust my car to this navigation system

3. I would be able to count on this navigation system

4. I would use this navigation system.

5. I can trust this navigation system

6. I can assume this navigation system will work properly.

1. The routes planned by the navigation system were predictable.

2. The routes the system plans are similar to how I would plan them.

3. The planned routes were based on fixed set of rules.

4. I can rely on the system to function properly.

5. The system always presents the shortest route.

6. I believe advice from the system even when I don’t know for certain that it is correct.

7. Based on my own experiences I would use this navigation system more often.
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Direct-indirect

The other half of the participants were first presented with direct information, followed

by indirect information. After an introduction of the experiment and an explanation what the

supposed goal was of the experiment, they were asked to use the system by having it plan a

route for seven times. After this manipulation participants were asked questions regarding

their trust and confidence and the allocation of control was measured. In this order,

confidence is also measured after the first manipulation because these questions are regarding

the experience people have with the system. In the indirect-direct order these confidence

questions are not relevant after the first manipulation. Second the participants were presented

with the indirect information which consisted of the percentages of satisfied and dissatisfied

users. After this information they were asked to answer questions regarding their trust and

confidence and allocation of control was measured.

Because the direct and indirect manipulations were within participants, all participants

were asked to use four different navigation systems. The order in which the manipulations

were presented was randomly assigned. After all conditions were completed participants were

asked to fill out demographic questions. They were then debriefed and thanked for their

participation.

Trust and confidence measures

A principal axis factor analysis with varimax rotation showed that when comparing

trust and confidence questions (see table 3 and 4), two components can be extracted to

describe the data. As expected (Siegrist, 2010) factors are highly correlated, r = 0.825.

Questions 1, 2, 4 and 5 of the trust questions appeared to load heavy on factor 1 whereas

questions 3, 5, 6, 7 of the confidence questions appeared to load heavy on factor 2.
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Cronbach’s alpha was calculated for the variables measuring trust and confidence.

Results showed high correlations for both trust (α = 0.935) and confidence (α = 0.983).

Further inspection of the questions used to measure trust showed that deleting the question

regarding wariness (question 1) from the list would result in a substantially higher Cronbach’s

alpha for the conditions separately. This effect was not noticed when all measured were taken

together because the effect would cancel itself out.

Dependent variables were trust, confidence and allocation of control. Measures were

taken after participants received one type of information and after they received both types of

information. Trust was measured by the questions 2, 4 and 5 presented in table 2, confidence

was measured by the questions 3, 5, 6 and 7 presented in table 2. Allocation of control was

measured by the amount of times people would have the system plan the route.

Results

Effect of direct or indirect information

To test hypothesis 1, we conducted an ANOVA, with indirect information as

independent variable. The dependent variables were trust and control allocation, both

measured after participants were only presented with direct information. In line with our

expectations, the analysis revealed that participants in the positive indirect information

condition had significant more trust (M = 5.121, SD = 1.081) in the system than those in the

negative indirect information condition (M = 3.159, SD = 0.857), F(1, 44) = 66.056,  p<

0.001. Participants who received positive indirect information were also more willing to

allocate their control to the system (M = 3.77,  SD = 1.27) compare to those who received

negative indirect information  (M = 2.25, SD = 1.57), F(1, 44) = 24.51, p < 0.001.
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To test hypothesis 2, we conducted an ANOVA, with direct information as

independent variable. The dependent variables were confidence and control allocation, both

measured after participants were only presented with direct information. Confirming

hypothesis 2, participants who received positive direct information had significantly more

confidence (M = 5.091, SD = 1.451) in the system than participants who received negative

direct information (M = 1.517, SD=0.939), F(1, 44) = 218.057, p < 0.001. Allocation of

control measure also showed a significant effect where participants who received positive

direct information (M = 3.84,  SD = 1.39) were significantly more willing to allocate their

control to the system and thus say yes than participants who received negative direct

information. (M = 0.48, SD = 0.90), F(1, 44) = 181.13, p < 0,001.

Mediation analyses

A mediation analysis (using the macros of Preacher & Hayes, 2008) was conducted to

test the hypothesis 3 concerning the mediation effects of trust and confidence. In line with

hypothesis 3, the mediation analyses showed that the relation between indirect information

and control allocation is completely mediated by trust (Figure 4). When trust was added as a

mediating variable, the direct effect of indirect information on control allocation was no

longer significant. This indicates that the relation between indirect information and control

allocation is completely mediated by trust. A Sobel test confirms these results ( Z = 1.278, P

< 0.00 (Table 4 Model 1)). The output of the bootstrapping technique is consistent with the

output of the Sobel test, the confidence interval (95% confidence) does not include zero

meaning the results are significant (Table 5 Model 1). Based on these results we can conclude

that the effect of indirect information on control allocation is completely mediated by trust.
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The second expected mediation effect on confidence also proved to be significant.

Mediation regression analysis showed a significant effect of direct information on control

allocation and a significant effect of direct information on confidence (Figure 5).  Results also

indicated that the effect of direct information on control allocation is controlled by

confidence. The Sobel test and the bootstrapping technique show that confidence mediated the

relation between direct information and control allocation because p < 0.001 and the

confidence interval did not include zero (Table 4 and 5, Model 2).  Because the relation

between direct information and control allocation remains significant and c’ ≠ 0, we can

conclude that confidence partially mediates this relation.

Figure 4 Mediation model trust

Figure 5 Mediation model confidence

Indirect information

Indirect information

Control allocation
C = 1.457**

Control allocation

trust

c‘ = 0,287

b = 0,623**a = 1877**

Model 1

Direct information

Direct information

Control allocation
c = - 3. 363**

Control allocation

Confidence

c‘ = -1.897**

   b = 0.411**a = -3.574**

Model 2
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Table 4 Mediator (Indirect effect) using Sobel test
Value SE

Indirect

effect

Model 1** 1.169 0.264

Model 2** -1.467 0.350

Table 5 Mediator (indirect) effect using bootstrapping technique (number of bootstrap = 1,000)

Value SE Confidence interval

Indirect

effect

Model 1 1.160 0.264 0.718 1.719

Model 2 -1.462 0386 -2.240 -0.720

Effects of both direct and indirect information

The order in which direct and indirect information was presented to the

participants had no significant effect on trust (F = 1.635, p = 0.208), confidence (F = 0.574, p

= 0.543) and control allocation (F = 0.637, p = 0.429).

To test hypotheses 4 and 5, trust, confidence and allocation of control measures were

submitted to a 2 (order: direct-indirect vs indirect-direct) x 2 (indirect information: positive vs

negative) x 2 (direct information: positive vs negative) repeated measures analysis with order

as a between subjects factor. Mean values for the different conditions are presented in table 6.

In line with hypothesis 4, participants who received only positive information had

significantly more trust (F = 95.23, p < 0.001) and confidence in the system (F = 91.41, p <

0.001). When one or both the types of information were negative participants had

significantly less trust and confidence in the system, indicating that they were affected by the

valence of the information. Participants were also more willing to have the system plan the

route and thus allocate the control to the system (F = 88.71, p <0.001).
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In line with hypothesis 5, the valence of direct information had more effect on trust,

confidence and control allocation than the valence of indirect information. A planned

comparison showed that participants who received positive direct information had

significantly more trust (F = 341.67, p < 0.001) and confidence (F = 228.85, p < 0.001) in

the system than participants who received negative direct information. Participants were also

more willing to allocate their control to the system (F = 224.58, p < 0.001). The valence of

indirect information had no significant effect on trust (F = 0.344, p = 0.561), confidence (F =

0.040, p = 0.841) and control allocation (F = 0.520, p = 0.475). These results indicate that

participants react more strongly to direct information meaning that participants’ own

experiences with the system have a stronger influence on his/her trust, confidence and control

allocation than the information obtained from others.

Table 6 Mean values for trust, confidence and control allocation per condition
Information Mean values

Indirect Direct Trust Confidence Control allocation

Negative Positive 4.70 4.90 3.73

Negative Negative 1.61 1.61 0.71

Positive Positive 4.92 4.98 3.89

Positive Negative 1.67 1.13 0.73

Explorative analysis showed no significant interaction effect of positive and negative

indirect information and direct information for trust (F = 0.253, p = 0.618), confidence (F =

0.400, p = 0.531) and control allocation (F = 0.159, p = 0.692). The results suggest that

indirect information had no significant effect on trust, confidence and control allocation when

participants were exposed to both direct and indirect information. Analyses did show that
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direct information affected trust (F = 341.67, p < 0.001), confidence (F = 328.85, p < 0.001)

and control allocation (F = 224.58, p < 0.001) significantly.

As the results showed, when both direct and indirect information are presented only

direct information has a significant effect on control allocation. This could indicate that both

manipulations are not of the same impact and might therefore not interact. When considering

the experimental design this could indeed be the case. Indirect information is presented to the

participants for approximately 10 seconds whereas direct information is presented for 7 trials

each taking at least 10 seconds, allowing the participants to have more time to process this

information before being asked questions concerning their trust and confidence. However,

there could still be an interacting effect where the effect of direct information completely

overrules the effect of indirect information. Both literature and our findings suggest that the

effect of direct information is more powerful than the effect of indirect information

(Daugherty, Li and Biocca, 2008; Smith and Swinyard, 1983). In that case, indirect is only

influential when presented alone.

To determine if trust and confidence are affected differently by the manipulations,

averages of trust and confidence were submitted to a 2 (indirect information: positive vs

negative) x 2 (direct information: positive vs negative) x 2 (trust vs confidence) repeated

measures. Results confirm the effect of direct information on the trust and confidence

measures. Trust and confidence appeared to be affected differently by the valence of direct

information (F= 3.733, p = 0.06). Table 7 presents the mean values for trust and confidence

for positive direct and negative direct information.  When direct information is positive,

confidence is marginally significantly higher (M = 4.938, SE = 0.152) than trust (M = 4.807,

SE = 0.159), when direct information is negative a reversed effect occurs where confidence is

lower (M = 1.540, SE = 0.132) than trust (M = 1.640, SE = 0.098). This could indicate that
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experience more strongly influences confidence compared to trust. So it seems that trust and

confidence are affected differently by direct information and measure something different.

Table 7 Mean values trust and confidence
Direct information Measure Mean Standard Error

Confidence 4.938 0.152Positive

Trust 4.807 0.152

Confidence 1.540 0.132Negative

Trust 1.640 0.098

The allocation of control measure was the behavioral measure of this experiment. To

determine if participants showed an order effect where the allocation of control was

concerned, for example everyone would have the navigation system plan the route for the first

route presented, descriptive statistics were analyzed. Data showed that there was no difference

between the routes. A t-test showed a significant effect between the credits people staked on

their allocation of control (t = 5.715, p < 0.001).  Participants would stake more credits (M =

8.248, SE = 0.069) when they did not want the navigation system to plan the route than when

they would have the system plan the route (M = 7.678, SE = 0.072). Meaning that participants

were more sure about their decision not to let the system navigate than letting the system plan

the route.

Further analyses of the data showed an interesting interaction effect which could be

investigated more. Results show that when averages of trust were submitted to a 2 (indirect

information: positive vs negative) x 2 (direct information: positive vs negative) repeated

measures analysis with both gender and order as a between factor was performed, a

significant interaction effect of type of information and gender on trust (F = 6.725, p =

0.013), type of information and order on trust (F = 4.173, p = 0.048) was present. Because an
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order effect was not present when analyzing the data without taking into account the gender of

participants, this specific interaction of gender and order is interesting to examine. When

analyzing both orders separately no gender effect occurred for the order indirect-direct

information. Here both men and women reacted similar to the information.

For the direct-indirect order a significant interaction effect of indirect information x direct

information x gender was found for trust (F = 8.938, p =0.007). Figures 6 and 7 show this

interaction effect. The effect shows that men are not affected by the valence of indirect

information; the direct experience determines the trust they have in the system. The results

also show that when women have a negative experience with the system, the valence of

indirect information does not affect their trust in the system. When they have a positive

experience, the valence of indirect information has a strong effect on the trust in the system.

This could indicate that women are more careful in trusting a system when they have a

positive experience, when their experience is confirmed by others their trust increases but

when this is not confirmed their trust decreases.
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Figure 6 Mean scores of trust in the system of women
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Figure 7 Mean scores of trust in the system of men

Discussion

The aim of this study was to examine the effect of positive and negative direct and

indirect information on control allocation. Confirming hypothesis 1, the valence of indirect

information affects the trust of the participant in the system and their control allocation.

Measurements after the first manipulation showed that people were more trusting towards a

system when the majority of previous users was extremely satisfied with the system. When

the majority of the other users was dissatisfied, trust was low. A similar effect occurred with

the behavioral measure (control allocation); participants would use the system more often to

plan a route when indirect information was positive compared to when indirect information

was negative. The current results also support the second hypothesis. Participants who

received positive direct information had more confidence in the system and were more willing

to allocate their control to the system than people who received negative direct information.

Meaning an overall positive experience resulted in more confidence in the system compared

to an overall negative experience.

In support of hypothesis 3, trust and confidence were found to mediate the relation

between respectively indirect information and control allocation and direct information and

control allocation. Trust appeared to act as a full mediator between indirect information and

control allocation. So when participants received information from others about the system,
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they had expectations regarding the likelihood of a favourable response/outcome (Lee and

See, 2004) and this in turn affected the allocation of control. The relationship between direct

information and control allocation appeared to be partially mediated by confidence, indicating

that when people have experienced the accuracy of the system, they form a belief about the

expectancy of future events (Earle and Siegrist, 2006). This belief partially affects the

allocation of control. Other variables are found to influence the relation between direct

information and control allocation. Riley (1994) identified self-confidence as a variable that

affects automation usage. Because this research aimed to determine the effect on direct and

indirect information on control allocation, considering the effect of self-confidence was

beyond the scope of the research. Future research could manipulate or measure self-

confidence and determine if it mediate the relation between direct information and confidence

in the system.

In support of hypothesis 4, participants who received negative direct and/or indirect

information about the system had less trust and confidence in the system than participants

who received positive direct and indirect information. These results confirm the assumptions

made based on the negativity bias. Results also showed an effect of the type of information

presented to the participants. Confirming hypothesis 5, the valence of direct information had a

bigger effect on trust, confidence and control allocation than indirect information. When

participants had received both direct and indirect information, the valence of direct

information significantly affected the dependent measures trust, confidence and control

allocation. No significant difference in the effect of positive and negative indirect information

on the dependent variables was found. When people received positive direct information they

had significantly more trust and confidence in the system than when they received negative

direct information.
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Exploration on the interaction of indirect and direct information showed that when

participants received both direct and indirect information only direct information had a

significant effect on the dependent variables trust, confidence and control allocation.

Comparing the mean values of the two types of information after only one type of information

had been presented, reveals a difference in strength for the negative information. The mean

values for control allocation of positive direct and indirect information are quite similar;

however the mean values for control allocation of negative direct and indirect information

differed greatly. The mean value of control allocation for negative direct information is lower

than the mean value for indirect information implying that the impact of the negative direct

information on control allocation is bigger than the impact of negative indirect information.

These results indicate that the positive information manipulations are comparable in strength

for both the direct and indirect information, but the negative information manipulations aren’t

comparable in strength because the direct information appears to be extremer than the indirect

information. This difference in impact could possibly explain the absence of an interaction

effect between direct and indirect information. Because our negative indirect information

manipulation appeared to be less extreme, participants might not have experience this as

negative information but more ambiguous. When positive direct information was presented,

we expected negative indirect information to affect the trust and control allocation because

people respond more strongly to negative information (Siegrist and Cvetkovich, 2001; Rozin

and Royzman, 2001). If this type of information was perceived as ambiguous this effect

would not occur.

Limitations

As the results indicated, the impact of negative direct and negative indirect

information on control allocation was not comparable. Considering the experimental design,
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the negative indirect information manipulation could be perceived as ambiguous because 50%

was extremely negative, but 20% was extremely positive. Comparing these values to those of

the positive indirect information, respectively 3% and 86%, it seems that the direction of the

positive information was easier to interpret.  Future research could increase the strength of the

negative indirect information manipulation by mirroring the positive indirect information

manipulation.

In the current research all participants received direct and indirect information. The

design did not include a control group with which the effect of the valence of information

could be compared. So nothing can be said about the individual impact of the valence of

indirect and direct information. In this study, participants in the control group would have

been asked questions about trust and confidence without having any information about the

system. One could then wonder what these questions would measure in regard to the system.

To make sure participants would seriously consider the questions whether they wanted

the navigation system plan the route, they were asked to stake credits on how sure they were

about their decision. Participants were told the payment at the end of the experiment was

influenced by the credits they staked on their decisions. Analysis of these data showed that

participants were more certain about their decision when they did not let the system plan the

route compared to when they would let the system plan the route. This effect could be caused

by the notion that people might have thought that if they didn’t let the system navigate they

would do it themselves. Dzindolet (2003) showed that when a system makes mistakes, people

rate the system reliance low. His study also showed that people tend to overestimate their own

capabilities. Even though they would make twice as many mistakes as the system, their self

reliance was higher than the automation reliance. This suggests that people are surer about

their own functioning than the functioning of something/someone else and could explain why

people would be more sure about their decision not to use the system.
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Future research might also investigate the effects of direct and indirect information in a field

setting. The current research was conducted in a lab setting where participants were presented

with both direct and indirect information. The task of planning the route can be considered as

easy because both the start- and endpoint could fit on a map and were easy to interpret. With a

more complex task such as planning a route which cannot be viewed on one page, people

might be affected differently. Also, the decision had no actual consequences which could

affect the decision of people. In a field setting participants the decisions of people do have

consequences and might therefore differ from the results show in this experiment.

Further research on the data showed an effect of gender for the direct-indirect order on

trust in the system. This gender effect could be explained by the difference in risk perception

of men and women (Eckel and Grossman, 2003). Studies have shown that men are often

overconfident and women are more conservative and careful in their decision. In the case of

this experiment men are certain about their decision and are therefore not affected by the

indirect information. Women on the other hand are more conservative and careful in their

decision. Since trusting something often implies a behavioural intention, this could explain

why women are affected by the indirect information. Having a lot of trust in the system means

the willingness to use the system which means taking a risk. When indirect information

contradicts a woman’s experience with the system, the perception of the risk then becomes

bigger and women are less trusting towards the system. When the indirect information

confirms the woman’s experience with the system, she will be more trusting towards the

system.

Overall the results show that both people’s cognitive responses as well as their

behavioural responses are affected by indirect and direct information when only one of these

types of information is present. When both types are present only direct information has a
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significant effect on the trust, confidence and control allocation of the participant. Designers

of automated systems should consider these findings when designing interactive automated

decision tools. More specific, in order for a person to use the system and allocate his control,

the system has to fulfil the expectations a person has about it. It could be said that designers

and companies should be honest about the functionality of a system and not raise the

expectations of the user if the system cannot meet these expectations.
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Appendices

Appendix A: Mediation Analysis

Detecting steps in mediation model B SE B t

Model

1

Step 1 (Path c)

Outcome: control allocation

Predictor: indirect information 1,457 0,309 4,713**

Step 2 (Path a)

Outcome: trust

Predictor: indirect information 1,983 0,238 8,325**

Step 3 (Path b and c’)

Outcome: control allocation

Mediator: trust

Predictor: indirect information

0,645

0,179

0,120

0,359

5,399**

0,498

Model

2

Step 1 (Path c)

Outcome: control allocation

Predictor: direct information -3,363 0,251 -13.420**

Step 2 (Path a)

Outcome: confidence

Predictor: direct information -3,708 0,238 -15,581**

Step 3 (Path b and c’)

Outcome: control allocation

Mediator: confidence

Predictor: direct information

0,469

-1,627

0,102

0,442

4,577**

-3,685**

 Detecting mediation using regression analysis (trust n= 92, confidence n= 88)
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Apendix B: Mean values for trust and confidence

Indirect Direct Variable Mean SD

Negative Positive Confidence 4,96 1,60723

Trust 4,78 1,60274

Negative Negative Confidence 1,61 0,96987

Trust 1   1,71 0,93959

Positive Positive Confidence 4,92 1,40777

Trust 4,79 1,28869

Positive Negative Confidence 1,48 0,78625

Trust 1,64 0,69790
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Appendix C: Mean values for the dependent variables. Order 1 is indirect-direct and

order 2 is direct-indirect

Information Order Mean values

Indirect Direct Overall

trust

Trust Confidence Control

allocation

1 5,18 4,44 4,71 3,95Negative Positive

2 5,50 5,03 5,12 3,50

1 1,50 1,64 1,56 0,82Negative Negative

2 1,45 1,65 1,51 0,59

1 5,73 4,95 5,03 4,05Positive Positive

2 5,32 4,65 4,92 3,73

1 1,23 1,61 1,44 1,05Positive Negative

2 1,27 1,60 1,40 0,41
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Appendix D: Difference in effect of direct and indirect information.

Type of information Positive information Negative information

Indirect 3.77 2.25Control allocation

Direct 3.84 0.48


	Abstract
	Introduction
	Method
	Results
	Discussion
	References
	Appendix A
	Appendix B
	Appendix D
	Appendix C

