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Abstract Research on trust has burgeoned in the last few de-
cades. Despite the growing interest in trust, little is known about
trusting behaviors in non-dichotomous trust games. The current
study explored propensity to trust, trustworthiness, and trust
behaviors in a new computer-mediated trust relevant task. We
used multivariate multilevel survival analysis (MMSA) to ana-
lyze behaviors across time. Results indicated propensity to trust
did not influence trust behaviors. However, trustworthiness per-
ceptions influenced initial trust behaviors and trust behaviors
influenced subsequent trustworthiness perceptions. Indeed, be-
haviors fully mediated the relationship of trustworthiness per-
ceptions over time. The study demonstrated the utility of
MMSA and the new trust game, Checkmate, as viable research
methods and stimuli for assessing the loci of trust.
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Researchers have had a longstanding interest in interpersonal
decision making, specifically in relationship to making one-
self vulnerable to another (i.e., trusting others). Deciding to be
vulnerable can have deleterious or advantageous effects
(Ferrin, Bligh, & Kohles, 2007), as one’s trust may be taken
advantage of or reciprocated. Trust is an important aspect of

human social behavior. Indeed, interpersonal trust is crucial in
developing lasting friendships, a secure social life, and
longlasting marriages (Deutsch, 1958; Simpson, 2007).
Interpersonal relationships in one’s private life also rely on
trust (Kramer, 1999; Kreps, 1990; Mayer & Davis, 1999;
Schaubroek, Peng, & Hannah, 2013). Trust is imperative to
establishing relationships among strangers (Foddy, Platow, &
Yamagishi, 2009), such as when they participate in transac-
tions in various virtual and non-virtual marketplaces (e.g.,
eBay, Craigslist, farmer’s market).

The trust process can be divided into three concepts:
trusting beliefs (i.e., trustworthiness; Colquitt, Scott, &
LePine, 2007; Mayer, Davis, & Schoorman, 1995),
trusting intentions (i.e., willingness to be vulnerable;
Mayer et al., 1995), and trusting actions (e.g., reliance
on others; Pillutla, Malhotra, & Murninghan, 2003).
Trust beliefs include both trait and state influences on
the trust process such as individual differences in person-
ality (propensity to trust) and state beliefs (trustworthi-
ness). The latter assessment is influenced by the trustor,
perceptions of the trustee (based on behavior, verbal in-
teractions, etc.) and the environment. Trust intentions are
the willingness to be vulnerable to a referent (e.g., group,
person). Trust actions are the behaviors one performs
when relying on the referent. It should be noted trust
intentions do not perfectly correlate with actions.
Multiple constructs may play a role in subsequent behav-
iors, as has been noted in the social psychology literature
(Ajzen, 1991). As such, a trustor may have high trust
intentions and not perform a trust behavior. Conversely,
a trustor may also have low trust intentions and still per-
form the behavior. It is important to explicate these three
concepts to more accurately assess the trust process.

While models of trust have received considerable attention
in recent years, empirical tests of the models are limited in that
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few articles employ analysis of trust actions over time, and
those that do tend to assess trust behavior dichotomously, if at
all, with the operationalization of trust behavior often restrict-
ed to strictly loss or gain (see Wedekind & Milinski, 1996).
The majority of extant longitudinal research has focused on
trust intentions, perceptions of trustworthiness, or predictors
of the two, rather than trusting behaviors (Colquitt & Rodell,
2011; Levin, Whitener, & Cross, 2006; Schaubroek et al.,
2013). For instance, Schaubroek and colleagues (2013)
assessed cognitive and affective trust over time, assessing
self-report trust intentions. Colquitt and Rodell (2011) exam-
ined how perceptions of justice and trustworthiness impact
trust intentions over time, assessing self-report of trust beliefs.
Furthermore, Levin et al. (2006) explored the antecedents of
trust over time, assessing self-report of trust beliefs. All three
of these studies have explored trust exclusively through self-
report, albeit, over time. This is problematic as trust intentions
and trust actions are distinct, albeit related, constructs, and one
cannot make strong inferences about the trust process by using
trust intentions as the sole outcome. The previous longitudinal
studies focused on trust intentions or trust beliefs; as such, it is
difficult to determine how trust beliefs, trust intentions, and
trust actions are truly related. Thus, not only is there a critical
need for additional longitudinal research on the trust process,
but research is specifically needed to examine how
theoretically-driven trust antecedents (e.g., propensity to trust
and trustworthiness perceptions) impact trust behavior over
time. The current study builds on the previous research as it
encompasses all three aspects (trusting beliefs, trusting inten-
tions, and trusting actions) of the trust process over time. This
enables us to more accurately determine how trust intentions
and beliefs influence trust behaviors, and how those behaviors
shape subsequent beliefs.

Trust

Trust represents the decision of an individual to accept vulner-
abilities associated with another individual, often without the
ability to monitor the actions of the other individual (Mayer
et al., 1995). Specifically, interpersonal trust involves a sense
of vulnerability or risk. Without the decision to be vulnerable
or at risk, there is no need for trust. Interpersonal trust is also
inherently relational. To be vulnerable, one must be vulnerable
‘to’ some other individual, such as a spouse, a supervisor, or a
cab driver for example. Lastly, interpersonal trust involves
positive expectations that obligations will be kept by the trust-
ee, regardless of the trustor’s ability to control and/or monitor
the actions of the trustee.

There is no dearth of trust theories and models in the
literature. However, recent research has suggested a com-
bination of two models, namely the rational choice model
(Lewicki & Bunker, 1995; Shapiro, Sheppard, &

Cheraskin, 1992) and information processing model
(Levin et al., 2006; Lewicki & Bunker, 1995; Shapiro
et al., 1992). These two models have differing loci for
the trust decision. The rational choice model states indi-
viduals will make logical decisions based on the greatest
benefit for themselves. The rational choice model is in-
herently focused on the trustors, their perceptions, beliefs,
and attitudes. With little information in new scenarios,
people may rely on the rational choice model (Weber,
Malhotra, & Murninghan, 2004) – where their trust deci-
sions (as the trustor) are based primarily on dispositional
influences, desires, or perceptual biases. However, over
time, trustors may transition to an information processing
approach, whereby information is gained about the trustee
and an emphasis is placed on the trustee rather than the
trustor (Jones & Shah, 2016). As more information be-
comes salient about the trustee, the trustor will process
the information and rely on the information to make de-
cisions. There are many different aspects of information
the trustor may rely on, but we focus on antecedents
found in the trust literature.

Antecedents of trust

A critical characteristic for understanding trust is the de-
lineation of trust actions from its antecedents (i.e.,
propensity to trust and trustworthiness; Mayer et al.,
1995). The Mayer et al model depicts propensity to trust
and trustworthiness as predictors of trust intentions and
trust actions. Although these constructs are related, it is
important to note they are theoretically distinct. One’s
propensity to trust is a target-agnostic trait-based percep-
tion of others, whereas trustworthiness is an information-
based perception of a particular target. In either case,
there exists the potential for inaccuracies; however, the
perceptions will influence attitudes and behaviors regard-
less of their accuracy. Notably trustor influences, such as
one’s propensity to trust, operate early in the trust process
whereas trust beliefs and trust actions impact the trust
process in the later stages of an interaction, indicating a
transition from a rational choice model to an information
processing model (Alarcon, Lyons, & Christensen, 2016;
Jones & Shah, 2016). In the present paper, we adopt a
similar approach and consider trustor effects (trust pro-
pensity), trust beliefs (trustworthiness beliefs), and trust
actions (trust behavior) over time. We label these effects
for propensity to trust, trustworthiness, and trust actions
as trustor, trustee, and trust actions, respectively, which is
consistent with Jones and Shah (2016).

Propensity to trustAn important antecedent of trustworthiness
and trust actions involves characteristics of the trustor, namely
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one’s propensity to trust. Propensity to trust is an individual
difference characteristic that refers to the general tendency for
someone to trust other individuals (Mayer et al., 1995;
Hochreich & Rotter, 1970). Propensity to trust has a global
effect on trust intentions (Colquitt et al., 2007) and trustworthi-
ness beliefs (Jones & Shah, 2016). However, the impact of trust
propensity is most salient early in interpersonal interactions,
when other information may not be available (McKnight,
Cummings, & Chervany, 1998). During such situations, an in-
dividual deliberately makes a comparison of the potential costs
and potential benefits from a given set of decision options, and
then selects the most optimal course of action (Jones & Shah,
2016) based on the rational choice model. In the absence of
other information, the individual may be driven by the only
information available, namely the dispositional biases brought
to the situation. In terms of trust, in the absence of information
about another individual, the decision to trust is likely to depend
on an evaluation of the likelihood of incurring a loss versus
being rewarded for trusting based on one’s dispositional propen-
sity to trust.

Trustworthiness Another important antecedent is
trustworthiness, which is the trustor’s perception of the trustee
(Mayer &Davis, 1999). Perceived trustworthiness has been con-
ceptualized as a trustor’s perception of the trustee’s competence,
benevolence, and integrity. These perceptions are formed as a
trustor interprets and ascribes motives to the trustees’ actions
(Ferrin & Dirks, 2003). Thus, perceptions of trustworthiness,
although inherently within the trustor, are a function of the inter-
action of trustor and trustee as the trustor is processing informa-
tion about the trustee. It is important to note these are the ascribed
beliefs of the trustor and are not necessarily factual. Although the
perceptions may not be accurate, they infer an information-
processingmodel to trust behaviors over time.As the relationship
develops, more information becomes known over time and
hence, is available to guide trustworthiness beliefs. As interac-
tions mature, the trustor will increasingly depend on the behavior
of the trustee rather than personal dispositional factors, such as
propensity to trust, when making trust evaluations (Jones &
Shah, 2016; Levin et al., 2006). Furthermore, trust may manifest
by risk-taking behaviors unique to that relationship (Dietz &
Fortin, 2007; Dirks, 1999), impacting subsequent trustworthiness
beliefs.

Trust actions Trust is founded on a social exchange process
(Blau, 1964) whereby actions, if reciprocated, will bemet with
trust. Trust actions are the risk-taking behaviors indicative of a
trusting relationship (Pillutla et al., 2003). Research has dem-
onstrated trust behaviors from one individual beget trust-
based behaviors from others, which in turn yield heightened
trustworthiness from the other individual (Serva, Fuller, &
Mayer, 2005). An initial trusting behavior has a significant
influence on later trusting behaviors within a dyad.

Specifically, as a trustor trusts in the trustee, that trust may
be reciprocated by the trustee, which in turn leads to increased
trust by the trustor. This is known as reciprocal trust (Serva
et al., 2005).

Trust actions and trust games

The investment/dictator scenario is an economic decision-
making game (Berg, Dickhaut, & McCabe, 1995). The game
has been used to model trust, as trust relevance requires some
stake (i.e., risk), be it social, financial, personal, or organiza-
tional in nature (Parkhe & Miller, 2000). Thus, trust-based
scenarios involving real vulnerability are a critical require-
ment for trust research. The investment/dictator game is a
two-person game where person A receives an initial endow-
ment and can keep the money or send some or all of it (de-
pending on the experiment) to the other person in the dyad,
person B. If the money is sent to person B, it increases in value
by several fold, usually doubling. Person B then decides
whether to keep the money or send it back to person A. The
rules are typically known to the players in the game, such as
how much money there is to start with and how much it will
increase if sent to the other player. It is seen as a trust game
because the players are vulnerable, giving money to another,
and they need to trust the other will send money back. The
more money sent, the higher the trust. In the investment/
dictator game the average money sent is about half the endow-
ment and the returns from person B are typically 30–40 % of
the money received (see Johnson & Mislin, 2011). An advan-
tage of the investment/dictator game over other trust scenari-
os, such as the Prisoner’s Dilemma (seeWedekind &Milinski,
1996), is the possibility of both loss or gain of money depend-
ing on their decision. Research has indicated participants be-
have differently according to the parameters of the game,
namely loss or gain (Thaler & Jonshon, 1990). Specifically,
in the presence of prior gain, such as winning money, partic-
ipants are typically apt to wager more. However, there are still
some issues with the trust game.

The investment/dictator game scenario is unlike most
naturalistic trusting interactions. First, an integral part of
trust is the lack of monitoring or ambiguity in the situa-
tion (Mayer et al., 1995). In the investment/dictator game
described above, the trustor knows the actions of the trust-
ee, i.e., how much money they sent back out of the full
amount. For example, if person A sends person B US$10
and knows it will be doubled (US$20), person A knows
what amount of money person B is able to send. There is
no ambiguity about whether one made the right decision,
because if person B sends back US$6 (30 % of US$20 as
per meta-analysis; Johnson & Mislin, 2011), person A
knows how much to trust person B. This is a common
issue with many trust games, in that there is no ambiguity
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as to whether the partner performed a trusting behavior.
Second, there is an issue with the task being overly sim-
ple. The decision to send the money relies on the benev-
olence and integrity aspects of trustworthiness; there is no
ability component involved, which limits the generaliz-
ability of typical trust games to the trust process. Trust
is often more complex than a simple decision, as it also
involves the trustee having the ability to perform the
promised behavior, and ability is a consistent predictor
of trust intentions (Serva et al., 2005).

To more closely approximate naturalistic environments and
more effectively examine interpersonal phenomena in them, the
Checkmate task was created for the current study. The
Checkmate task attempts to insert both ambiguity and all three
facets of trustworthiness (including ability) into the traditional
investment/dictator game so as to explore the full range of the
trust process. The Checkmate task is a computer-mediated, trust-
relevant social exchange task. The task was developed to assess
trust in dyads in which dishonest behaviors are not explicitly
known. The trustor (BBanker^) sends money to invest in a
BGame Player^ (GP). Depending how well the GP played the
game, the money is increased by a percentage. However, the GP
also has the opportunity to lose part of the endowment because of
poor performance. This creates a cover for the GP to keep more
money (a low return on investment was due to poor perfor-
mance). In addition, the wagers for the Banker overlap so the
Game Player is unsure of the precise level of wager placed on
his/her performance (see Method section).

For this task, the Banker is the focal trustor and the GP is
the trustee. Specifically, the Banker is the person with high
vulnerability. Once the wager is made, the Banker is able to
see part of the GP’s performance, but performance is inferred
versus directly observed as the Banker cannot see the boxes
being collected (see Method section). The Banker must assess
the benevolence and integrity of the GP as in the investment/
dictator game, but must also determine the perceived ability of
the GP. In addition, the Banker is unable to fully monitor the
GP, creating greater affordances for trust. The GP is also vul-
nerable but to a much less degree; if the GP betrays the
Banker, the Banker may wager less in the future, protecting
his/her endowment and minimizing the risk. This would have
an adverse impact on the GP as s/he will not earn larger win-
nings in the future. In addition, the GP has an idea of the wager
placed on him or her (see Method section) but also has uncer-
tainty, as the Banker can only select a wager category (small,
medium, or large) rather than a specific amount. A key differ-
ence between the Banker and the GP is the Banker’s role does
not require ability from the GP’s perspective of trust, rather the
Banker simply determines how much to wager.

Propensity to trust and trust actions As a stable trait, pro-
pensity to trust should influence wager behaviors through a
cost-benefit analysis. Initial trust perceptions will be

influenced by stable personality traits, as other information
is unavailable (Lewicki & Bunker, 1995; Shapiro et al.,
1992). In this context, cost-benefit analyses, biases, and pre-
dispositions all reside solely within the trustor. Once other
information becomes more salient, such as the trustee’s previ-
ous behaviors, propensity to trust will have a weaker influence
on the extent to which the trustor will make him/herself vul-
nerable to the trustee (Mayer et al., 1995). Indeed, research has
consistently found the influence of trustor effects to decline as
trustee information becomes available (Alarcon et al., 2016;
Jones & Shah, 2016; McKnight et al., 1998). As such, we
expect individuals higher in propensity to trust to differ from
individuals lower in propensity to trust in their likelihood of
performing a trusting behavior.

& Hypothesis 1: Propensity to trust will be positively related
to higher trust behaviors.

Trustworthiness and trust actions Although propensity to
trust should be a strong predictor of initial trust actions, trust-
worthiness also influences behavior. Trustworthiness percep-
tions are cognitive and affective assessments of the partner.
Although perceptions of trustworthiness should be low in ini-
tial conditions, as information is limited (i.e., ability to com-
plete task, integrity, etc.), higher initial perceptions of trust-
worthiness should be related to wager level. These initial trust-
worthiness perceptions will be driven by the Banker’s propen-
sity to trust. In theory, propensity to trust should be related to
behaviors both directly (hypothesis 1) and indirectly through
higher initial trustworthiness perceptions.

Hypothesis 2: Initial perceptions of trustworthiness will
be positively related to higher trust behaviors.

As more information becomes known throughout an inter-
action, trustors will progress from a rational choice model to an
information processing model (Jones & Shah, 2016). The tran-
sition to an information processing model indicates the trustee’s
characteristics drive future trustor perceptions of trustworthi-
ness. Indeed, trustee behaviors are indicative of trustworthiness
once such information has been observed. These outcomes ac-
cumulate and eventually create a feedback loop to influence
subsequent perceptions of characteristics of the trustee (i.e.,
trustworthiness; Axelrod, 1984; Korsgard, Brodt, & Whitener,
2002; Lewicki & Bunker, 1995). Thus, we expect trust behav-
iors will be associated with trustor perceptions. Consistent with
the reciprocal nature of trust, we expect trust actions (wagers)
will result in higher final trustworthiness perceptions of the GP
by the Banker (Serva et al., 2005).

Hypothesis 3: Trust behaviors will be positively associat-
ed with final trustworthiness.
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Method

Participants

A total of 189 participants (60 % male) with a mean age of 31
years were recruited from the general populations of a US
Midwestern and a US East Coast city via newspaper and
Craigslist ads. Participants were recruited to play a trust game.
Participants received monetary compensation of US$10 per
hour in addition to keeping any of their endowment retained
in the course of completing the Checkmate task. Participants
kept the hourly rate regardless of performance on the task.

Measures

Propensity to trustWe used Mayer, and Davis’ (1999) scale
to measure participants’ propensity to trust. The scale consists
of eight items measuring propensity to trust in general. An
example item is, BMost experts tell the truth about the limits
of their knowledge.^ Cronbach’s alpha for the current study
was 0.70.

Trustworthiness We used a single-item measure of overall
trustworthiness. Participants marked their agreement with
the item BI believe my partner (the Game Player) is
trustworthy^ on a Likert scale of 1 to 7, with 1 indicating
BStrongly Disagree^ and 7 indicating BStrongly Agree.^
Although we measured trust with one item, single-item mea-
sures have been used in prior trust research (Ferrin, Dirks, &
Shah, 2006; Jones & Shah, 2016) and such measures are ap-
propriate when multiple item measures are likely to cause
response fatigue and when the item is not ambiguous
(Sackett & Larson, 1990; Wanous, Reichers, & Hudy, 1997).

Experiment platform

Checkmate The Checkmate task was created for the purposes
of the current study, based on the investment/dictator game.
The Checkmate task is a computer-mediated task in which
participants played either the BBanker^ or the BGame
Player.^ The Banker’s role was to loan money to the Game
Player (GP) out of an initial endowment provided by the ex-
perimenters and tracked via software displayed in the upper
right-hand corner of the screen; during play with each partner,
the Banker began his/her rounds with a US$50 endowment.
The GP’s role was to complete virtual mazes, which varied in
difficulty. The mazes were three-dimensional worlds featuring
small cash boxes and larger impassable obstacles. The GPwas
instructed to navigate the maze in order to collect as many
cash boxes as possible in the time allotted. The number of
cash boxes collected (performance) by the GP directly
controlled earnings. In the Checkmate task there were
three risk levels: Low 75–150 %, Moderate 50–200 %, and

High 0–300 %. For example, in the Low-risk maze, the GP
could lose up to 25 % of the loan for a poor performance,
leaving the GP with 75 % of the loaned amount. A good
performance could earn up to 50% interest on the loan leaving
the GP with 150 % of the loaned amount. Moderate and High
risk followed similar payoff structures with the appropriate
payoff percentages as shown above.

Poor performance resulted in a loss on that loan, while high
performance resulted in additional earnings per the payout
matrices described above. All money earned and lost in the
course of game play was real; earnings from the Banker’s loan
as well as anything remaining from the initial endowments
were added to the GP’s compensation based on the choices
he/she made during each round. The GP then decided how
much of the compensation to send back to the Banker. A
single round of the Checkmate task is detailed next in the
Procedure.

Procedure

Participants arrived at the laboratory at 8:30 a.m.
Participants completed a comprehensive written informed
consent. Participants then viewed an informational
Powerpoint about the task. The Powerpoint described
how to perform the task, illustrated the process of playing
the game (as both the Banker and GP), and explained the
compensation. After the slideshow participants filled out
background surveys, including propensity to trust.
Background surveys were filled out at the beginning of
the day only once. After completing the background sur-
veys and a short practice session, participants then briefly
met in person with their first partner (no longer than five
minutes). Participants were informed they would play five
rounds in the role of the Banker and five rounds in the
role of GP with each partner (for a total of 20 rounds).
Each set of five rounds was considered a Bblock,^ and
each set of two blocks was considered a Bsession.^
Overall, individuals participated in two sessions, com-
prised of ten rounds each, with different partners for each
session. Figure 1 illustrates the participants’ roles during a
typical testing day. The procedure for each round was as
follows:

1) The GP made a promise to the banker to run the maze at
a specific risk level (High, Medium, or Low).

2) The GP promised a return selection from one of the
following:

a. Return initial loan and ALL gains to the Banker.
b. Return initial loan and 50 % of the gains to the

Banker.
c. Return 50 % of the money available at the end of the

round to the Banker.
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d. Return an amount not listed here to the Banker.
e. I will decide howmuchmoney to return to the Banker

at the end of the round.
3) Banker was informed of GP’s promises (Steps 1 and 2)

through Checkmate software.
4) Banker selected actual loan amount via three categories

(Banker was not in control of actual amount sent within
the category; actual amount depended on the round, the
first round each wager was US$1 less than the overlap-
ping section of the wagers, i.e., in round 1 a small wager
was US$3, the wager amount increased by US$1 for
each round, i.e., a small wager in round 2 was US$4):

a. Small ($1–$7).
b. Medium ($4–$10).
c. Large ($7–$13).

5) GP received Banker’s money (but not actual loan
category).

6) GP chose actual risk level (Note: This choice does not
have to be the same as what the GP promised the Banker
and the Banker cannot see the selection).

7) The GP played the actual maze for 2 min. The actual
maze risk selection makes it possible for the GP to take
larger risks with larger potential earnings, enabling the
GP to retain more earnings undetected.

8) While the GP completed the maze, the Banker was given
a top-down view of the maze map with the ability to
watch the GP’s progress through the maze. However,

this view was designed to give a vague impression of
the progress. The Banker could not see the location of
cash boxes or any other information about the GP’s per-
formance; thus, the actual risk level of the maze was
masked to the Banker.

9) After completing the maze, the GP learned how the per-
formance affected the loan and could split the loan and
earnings with the following options (Note: The GP was
not obligated to honor the original promise):

a. More than promised.
b. Exact amount promised.
c. Less than promised.
d. Other amount.

10) The Banker was informed via computer of the amount of
money the GP returned that round. No other information
was given (i.e., difficulty chosen, actual amount earned,
etc.).

11) Banker completed the post-round questionnaire, includ-
ing the trustworthiness item.

These 11 steps comprised a single round. After the first
session of the day (five rounds as the banker and five rounds
as the game player) participants were provided with a break
and snacks. After their break, participants switched partners,
performing a new session of ten rounds (five as banker and
five as game player). After all 20 rounds (two sessions),
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Session 1
Participant 

Block 1 Block 2 
Rounds 1-5 Rounds 6-10 

Partners

Participant 1's 

Role: Banker Game Player 

Participant 2's 

Role: Game Player Banker 

Partners

Participant 3's 

Role: Game Player Banker 

Participant 4's 

Role: Banker Game Player 

Session 2
Participant 

Block 1 Block 2 
Rounds 1-5 Rounds 6-10 

Partners 

Participant 1's 

Role: Banker Game Player 

Participant 3's 

Role: Game Player Banker 

Partners 

Participant 2's 

Role: Game Player Banker 

Participant 4's 

Role: Banker Game Player 

Fig. 1 The roles for each participant throughout a typical day of testing



participants were compensated for their participation at an
hourly rate and given their earnings from the task. The total
study ran approximately 5 hours.

Coding behavioral data

We coded the behavioral data from the GP in the Checkmate
task into three categories: (1) honest, (2) dishonest, and (3)
inability. Honest was coded as the GP splitting the loan and
earnings exactly as promised or more. For example, if the GP
promised 50% of the earnings from the round and returned 50
% of the earnings or more, it was coded as an honest behavior.
If the GP promised 50 % of the earnings from the round and
returned less than 50 % of the earnings, the behavior was
coded as dishonest. Lastly, if the GP was unable to return
the amount promised because of poor performance in the task,
therefore having less than the initial wager by the banker, the
behavior was coded as inability. We coded this behavior as
different from distrust because the GP’s behavioral intent may
have been to return the promised amount, but was unable to
return the amount due to lack of funds. Banker’s behavioral
data was already classified into categorical data when they
chose their wager category, High, Medium, or Low. This cre-
ated dyadic data points given the behaviors of the pair (see
Table 1 for all possible combinations).

Multivariate multilevel survival analysis of dyads

New advances in statistical analyses may provide better ave-
nues for analyzing and understanding behavior in dyads. The
multivariate multilevel survival analysis (MMSA; Stoolmiller
& Snyder, 2006, 2014) framework is an advanced statistical
technique that allows researchers to answer questions about
timing of events in dyads.1 The MMSA framework grew out
of the survival analysis literature; survival analysis is the study
of time durations until one or more events occur (see
Tabachnik & Fidell, 2013, for an introduction). Survival anal-
ysis seeks to determine how long until one leaves a condition,
thus time in survival analysis focuses on duration in a condi-
tion. The analyses seek to predict the hazard rate – or waiting
time until an event occurs – using log odds. Higher hazard
rates indicate a shorter waiting time until the event occurs. In
contrast, lower hazard rates indicate a longer waiting time
until the event occurs. Hazard rates can change over time
due to observed or unobserved influences. Lastly, censoring
is an important aspect of the survival analysis model.
Censoring is when the observation period ends but the event
did not occur for some participants. Censoring in survival
analysis takes into account all known information about the
waiting time for censored participants; in other words, the

waiting time is not known but it is at least as long as the
observation period.

Multilevel analyses have increasing utility in a variety of
linear and non-linear models (Hox, 2010; Tabachnik & Fidell,
2013). Dyads are small groups with an outcome dependent on
the combined behavior, and thus they are multilevel.
Multilevel analyses have also been applied to survival analysis
successfully (Stoolmiller & Snyder, 2006, 2014). Research
has demonstrated the capability to predict the probability of
a partner continuing a behavior (survival analysis) in a dyad
(multilevel). Typically in survival analysis, the event of inter-
est is treated as the end point, for example death. However,
current research with the MMSA framework attempts to uti-
lize hazard rates as predictors, outcomes, and correlates of
other behaviors, making the model multivariate. For
example, Stoolmiller and Snyder (2014) explored length of
time spent in a negative or positive emotional state as a pre-
dictor of future antisocial behavior. This methodology can be
extended to analyzing trust in dyads. Participants perceiving
their partner as trustworthy will engage in more trust behav-
iors than in a relationship where the partner is perceived as not
trustworthy (i.e., Hypotheses 1 and 3 above). Time in the
current study is length of time a dyad spends in a condition,
as either can leave the condition.

The MMSA framework builds upon the Cox model of
survival analysis. The Cox model is utilized because the base
hazards do not need to be specified (i.e., the model is semi-
parametric), which eliminates chances of misspecification be-
cause it is one less parameter that needs to be constrained
(Stoolmiller & Snyder, 2014; Therneau & Grambsch, 2000).
Figure 2 represents a path diagram of the MMSA framework
(see Appendix A for MMSA equation). As is the case with
structural equation modeling, latent variables are depicted
with circles, observed variables are depictedwith squares/rect-
angles, and regressions are depicted with straight arrows.
Multilevel aspects of the model are depicted with a horizontal
line differentiating between within-dyads and between-dyads.
As survival analysis is non-linear, the indicators between the

Table 1 All possible dyadic interactions and the frequency of the
interactions

Game Player’s behavior Banker’s wager Total

Low Medium High

Honest LH (450) MH (186) HH (138) 774

Dishonest LD (137) MD (65) HD (31) 233

Inability LIA (46) MIA (31) HIA (33) 110

Total 633 282 202 1117

Note: Dyadic behavior is represented by the first letter of the Banker’s
wager and the second letter of the Game Player’s behavior; numbers in
parentheses indicate number of times dyads were in that state

1 For readers interested in an in-depth discussion of MMSA, we refer them to
Stoolmiller and Snyder (2006).
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log hazard rates and the baseline hazard function to the epi-
sode durations are depicted with crooked arrows.

In MMSA analyses there are two sets of behaviors that
influence the dyad, the Banker and the GP. Each partner is
coded with three options. The Banker can perform a High,
Medium, or Low wager, indicating their level of trust in the
GP. The GPmay perform an Honest, Dishonest, or Inability to
be honest action. Table 1 illustrates all possible behavioral
outcomes for the dyads. Thus, either partner can terminate
the condition by changing wager habits (banker) or by
performing honest behaviors (GP). The MMSA model
depicted in Fig. 2 illustrates a dyadic interaction given a
Banker in the Medium (M) wager condition and the GP has
performed an honest (H) behavior, abbreviated as MH. To
simplify the model for analyses, one partner’s behavior is
fixed across the model, in this instance the honesty of the
GP’s behavior. The path diagram illustrates the hazard rate,
given the honesty of the GP’s behavior and the Banker’s wa-
ger (MH). The hazard rate is required to be non-negative to
make sense. The model involves two pieces: the baseline haz-
ard function h0MH(t) and the exponential term that includes all
the predictors, latent or observed. The baseline hazard func-
tion allows the hazard to function over time but not across
individuals. The exponential term does allow the hazard to
vary across individuals. The latent variable in Fig. 2 represents
individual differences on the log hazard scale, which is impor-
tant to remember when interpreting effect sizes. The observed
variables that define the latent hazard rates represent both
duration of MH – indicating the initial state of MH and the
terminating event – and a dichotomous censoring indicator
within the single square box. It is represented this way be-
cause, although they are separate variables, they must go

together to avoid biased estimates of the hazard rates. The
observed duration of behaviors within each dyad (in the cur-
rent example, Banker’s behavior of M and GP’s behavior of
H) are the level 1 variables, as are the censor indicators, sim-
ilar to a latent growth model. The between-dyad differences
(Banker’s perception of GP’s trustworthiness) are predictors
of the latent variable of dyadic behavior.

The difference between a standard regression intercept and
the baseline hazard function is that the baseline hazard func-
tion is a function of time; in the current study, time is the
duration in a given behavior condition for both partners.
This indicates the population rate of event occurrence can
change over time while waiting for the event to happen; this
can be the independent of predictor in themodel. In the current
context, the hazard of a Banker’s medium wager and an hon-
est behavior by the GP (MH) may change over time, indepen-
dent of variables assessed in the current study. Additionally,
the final model has multiple hazard rates to which a participant
can change, making the model multivariate.

Lastly, censoring is modeled differently in the MMSA
framework than in typical survival analysis. The Banker can
leave a state of Medium wager for multiple competing poten-
tial end states (HH, MH, or LH), and the occurrence of one
precludes the occurrence of all others. The Banker choosing to
change from a Medium wager state to a High wager state
indicates the Lowwager state was censored, as it did not occur
in the transition state, but there was a probability it could have
occurred. The advantage of the MMSA model is that we can
add predictors of the latent hazard rates. In the current study,
we can predict the latent hazard rates with propensity to trust
and perceptions of trustworthiness at time point 1. In addition,
we can use the latent hazard rates to predict variables. In the
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current study, we sought to predict final perceptions of GP
trustworthiness (time point 5).

In summary, the employed analyses explored the duration a
dyad stayed in a behavioral condition (HH or MH) using
survival analysis. We used the latent variables of duration as
outcomes and predictors of trustworthiness perceptions. Thus,
we were able to explore if self-reports of propensity to trust
and trustworthiness predict behavior and if those behaviors
predict subsequent self-reports of trustworthiness.

Results

Propensity to trust had a mean of 2.79 with a standard devia-
tion (SD) of 0.53. The range of the scale was 1.50–4.25. The
mean level of propensity to trust was lower than found in
previous research on students and middle management (Gill,
Boies, Finegan, & McNally, 2005; Jarvenpaa, Knoll, &
Leidner, 1998). However, the mean was similar to other re-
search that has explored propensity to trust among the general
public (Alarcon et al., 2015). Trustworthiness at Time 1 had a
mean of 5.41 and a SD of 1.34. Trustworthiness at Time 5 had
a mean of 5.33 and a SD of 1.59. The ranges for both time
points were 1–7. Trustworthiness at Time 1 was related to
Time 5 (r = .669, p<.001). Behaviors will be abbreviated by
the conditions that they represent; Banker’s trusting actions
will be represented with L (low), M (medium), and H (high)
wagers. The GP’s behaviors will be represented byH (honest),
D (dishonest), or I (inability). The Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC)
were used to determine model fit. The AIC and BIC do not
test a model in comparison to a null hypothesis (Kline, 2005).
Indices such as the chi-square fit index and other typical SEM
indices provide test against a null model based on means,
variances, and covariances (Kline, 2005). Not all of the vari-
ables in the MMSA model have these. As such, the AIC and
BIC are used to determine relative fit between competing
models, illustrating which one fits the data best out of the
competing models.

One potential concern with the study design was any car-
ryover effects from participants starting the interaction as the
banker or GP first. To determine if any carryover effects were
present, we conducted two three-way contingency tables
consisting of session number, round number, and behavior
to test for proportional independence of the banker’s betting
behaviors and the GP’s return behaviors between sessions one
and two. A chi-square test of mutual independence failed to
provide evidence for dependence between the factors for both
the banker’s behavior χ2 (37) = 35.57, p = .536, and the GP’s
behaviors χ2 (37) = 48.12, p = .104. This indicates behaviors
for both were not significantly affected by the session.

Frequencies of the interactions are displayed in Table 1.
The most frequent interactions were interactions in which

the GP performed an honest behavior LH (40.3 %), MH
(16.7 %), and HH (12.4 %). Of interest is that the low wagers’
behavior was the most frequent, followed by medium and
high wagers. Similarly, wagers, given a dishonest behavior,
followed the same pattern: LD (12.3 %), MD (5.8 %), and HD
(2.8 %). Lastly, wagers given a GP’s inability to send back the
promised amount followed a similar pattern LI (4.1 %), MI
(2.8 %), and HI (3 %). The change states of the GP for
Dishonest and Inability were not modeled in the current study,
as they were rare. Including them in the model as a possible
alternative would greatly complicate the model and add little
information.

We used MPlus 7.2 (Muthen & Muthen, 1998-2011) to
perform all MMSA analyses. To fit the final model with all
three latent hazards, smaller models with one latent hazard and
the predictors and outcomes were computed (see Method
section; for a full discussion see Stoolmiller & Snyder,
2014). After completing the single latent factor models, the
estimates were used as starting values to fit the final model
with all three latent variables. Attempting to fit the finals
models without using starting values would result in non-
convergence of the model as they are so complex. The final
model resulted in 300 dyad clusters, with a maximum of five
level 1 units in each cluster. We tested the ICC to determine if
multilevel analyses were appropriate. An ICC above .10 is
considered adequate for multilevel analyses (Hox, 2002).
The ICC for the outcome trustworthiness at Time 5 was
.456, indicating multilevel analyses are appropriate.

After fitting the Cox model to the data, we were able to
plot the baseline hazards by computing the cumulative haz-
ard curve. The cumulative hazard curve illustrates the ex-
pected cumulative number of transitions in the interval
from 0 to any particular value of time for a hypothetical
participant who scores 0 on the latent log hazard variable.
The three curves for the Banker’s behavior, given the GP is
performing an honest behavior, are shown in Fig. 3. Note
that duration is on the x-axis, indicating the length of time
the dyad spent in the condition. The cumulative hazards are
the hazard rate of the dyad leaving the condition over time.
The cumulative hazard rates increase over time as the lon-
ger the duration in the condition, the more likely it is to
leave the condition as the hazard rates are additive. The
most salient aspect of the figure is that LH transitions ac-
cumulate much quicker than HH or MH transitions.
Specifically, by the second trial, 0.4 LH transitions have
accumulated, in contrast to approximately 0.15 and 0.05
for MH and HH, respectively. The LH curve increases as
time passes, as we would expect. Dyads where the banker
wagered low and the GP performed an honest behavior
would want to maximize their profits in the game by in-
creasing their bets. In contrast, dyads where the Banker
wagered high or medium and the GP performed an honest
behavior appear to have little change in the hazard rate.
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Dyads that wager high and experience an honest behavior
will not change their wager as they are profiting.
Interestingly, dyads in the medium wager and honest be-
havior condition did not have a high probability of leaving
that condition. This may be due to aspects not assessed in
the current study such as risk aversion or some other
factors.

We utilized the single hazard models to obtain initial esti-
mates for inclusion in the cumulative model with three hazard
rates (i.e., HH, MH, and LH). We conducted two cumulative
models: (1) propensity to trust predicting Banker’s decision
given an honest behavior and (2) trustworthiness predicting
Banker’s decision given an honest behavior, with the behav-
iors then predicting final trustworthiness. These will be
discussed, each in turn, next.

To determine model fit we ran two models, one with
propensity to trust predicting the latent variables and one
with propensity to trust covarying with the latent hazard
variables. The model for propensity to trust predicting the
latent hazards (AIC = 4, BIC = 4,190.300) fit the model
worse than with propensity to trust covarying with the
latent log hazards (AIC = 4,140.310, BIC = 4,170.420),
results are illustrated in Table 2. The first step was to
analyze the variances of the log hazards. As illustrated
in Table 2, all of the log hazards, given an honest behav-
ior, had significant variance. These results indicate there
are sufficient individual differences to predict the log

hazards and to use them as predictors of future outcomes.
Contrary to our hypothesis, propensity to trust had no
relationship with any of the log hazards as illustrated in
Table 1. Hypothesis 1 was not supported. These results
indicate participants higher on propensity to trust did not
differ from participants low on propensity to trust in their
likelihood of a high, medium, or low wager.

Next, we discuss the results of the trustworthiness models.
To determine model fit we ran two models, one with trustwor-
thiness predicting the latent variables and one with trustwor-
thiness correlated at each time point but not predicting the
latent hazard variables. The model with initial trustworthiness
predicting the latent hazards and the latent hazards predicting
final trustworthiness had adequate model fit (AIC =
4,138.012, BIC = 4,183.177) and fit the model better than
trustworthiness not predicting the latent hazard variables, but
instead covarying with the hazards (AIC = 4,150.307, BIC =
4,170.417). The effects of trustworthiness perceptions on the
latent hazards, given an honest behavior by the GP, are illus-
trated in Table 3. It is important to note, in the initial models
with one latent factor per analysis, the relationship between
HH and trustworthiness at time 1 was 0, and between HH and
trustworthiness at time 5 was 0. As such, these paths were
excluded from the model to ensure convergence. The effects
of trustworthiness at time 1 were significantly related to MH
and LH. Results indicate if the Banker perceives the GP as
trustworthy, the dyad is less likely to leave the MH condition
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Fig. 3 Cumulative hazard curves for banker hazard rates of High,
Medium, and Low Wagers given Game Player trust. Note: Duration on
the x-axis indicates how many sessions the dyad stayed in the state. If a

dyad stayed in the state over the course of interaction 1 and interaction 2,
the duration would be 2. If the dyad then transitioned to another state, that
duration would start at 1



(-0.14, p<.05). In contrast, if the Banker perceives the GP as
trustworthy, the dyad is more likely to leave the LH (0.078, p
< .05) condition. Thus, hypothesis 2 was partially supported.

Next, we used the log hazards to predict final Banker as-
sessments of trustworthiness in the GP. Final assessments of
trustworthiness were predicted by longer durations in HH (-
0.225, p<.05). Additionally, although marginally significant,
longer durations in the LH (0.767, p=.065) condition indicat-
ed lower final perceptions of trustworthiness. Hypothesis 3
was partially supported. Lastly, in the final models, trustwor-
thiness at time 1 did not predict trustworthiness at time 5
(0.699, p = .70), indicating behaviors fully mediated the
relationship.

Discussion

The trust process is highly complex and recent research has
isolated the loci of trustor, trustee, and dyadic influences
(Jones & Shah, 2016). These loci were examined longitudi-
nally in the context of trustworthiness beliefs in Jones and
Shah (2015), yet research was needed to study trust behaviors
over time. The use of MMSA analyses allowed the trust be-
liefs and trust behaviors, to be simultaneously assessed. The
statistical methodology has clear implications for dyad re-
search in the future. The current study applied a similar struc-
ture (i.e., trustor, trustee, and dyad) of trust influences in an
exploration of trust behaviors over time. Furthermore, the cur-
rent study applied a non-dichotomous operationalization of
trust behaviors, more closely approximating trust which ex-
tends prior research on trust behaviors. This study also includ-
ed ambiguity to the trust situation, which is a key element for
trust to occur (Mayer et al., 1995). Trustor effects (i.e., pro-
pensity to trust) appear to have no relationship with trust be-
haviors in the current task scenario. In contrast, trustee effects
(i.e., perceived trustworthiness of the partner) shaped partici-
pants’ trust behavior. Similarly, in support of the dyadic ap-
proach, trust behaviors predicted subsequent trustworthiness
perceptions. These behaviors fully mediated the relationship
between initial perceptions of trustworthiness and final per-
ceptions of trustworthiness, confirming the dyadic nature of
the trustworthiness construct.

Trust behaviors

The most commonly performed wager by the Bankers in the
current study was a Low wager, despite the GP’s behavior.
Regardless of whether the GP exhibited an honest behavior
or not, the Bankers were prone toward conservative invest-
ments. This is in contrast to previous research that found in-
vestors typically invest 50 % of their endowment in the orig-
inal investment/dictator game (Johnson & Mislin, 2011).
There are three points of note. First, with the exception of a
brief introductory period, the participants in the current study
were strangers and had little basis for trust, at least initially.
Trust develops over interactions with the trustee; these

Table 3 Parameter estimates, standard errors, critical ratios, and p
values for MMSA for trustworthiness given Game Player trust behavior

Effect Estimate SE Estimate/ SE p

Standardized Effects

Trustworthy T1 to

Medium-Honest log hazard -0.140 0.059 -2.359 .018

Low-Honest log hazard 0.078 0.036 2.192 .028

Trustworthy T5 on

Trustworthy T1 0.699 1.951 0.358 .720

High-Honest log hazard -0.225 0.107 -2.103 .035

Low-Honest log hazard 0.767 0.416 -1.846 .065

Correlations

High-Honest log hazard with

Medium-Honest log hazard 0.510 0.194 2.627 .009

Low-Honest log hazard -0.543 0.094 -5.769 .000

Medium-Honest log hazard with

Low-Honest log hazard 0.189 0.056 -3.395 .001

Variances

High-Honest log hazard 2.153 0.409 5.259 .000

Medium-Honest log hazard 0.668 0.169 3.941 .000

Low-Honest log hazard 0.143 0.047 3.082 .002

Intercepts

Trustworthy T5 5.294 0.097 54.567 .000

Note: SE standard error, p p values, T1 round 1, T5 round 5

Table 2 Parameter Estimates, standard errors, critical ratios, and p
values for MMSA for Banker propensity to trust given Game Player
honest behavior

Effect Estimate SE Estimate/ SE p

Standardized Effects

Propensity to

High-Honest log hazard 0.079 0.149 0.532 .595

Medium-Honest log hazard 0.056 0.115 0.486 .627

Low-Honest log hazard -0.059 0.041 -1.432 .152

Correlations

High-Honest log hazard with

Medium-Honest log hazard 0.525 0.196 2.679 .007

Low-Honest log hazard -0.551 0.093 -5.898 .000

Medium-Honest log hazard with

Low-Honest log hazard -0.206 0.059 -3.518 .000

Variances

High-Honest log hazard 2.153 0.408 5.237 .000

Medium-Honest log hazard 0.708 0.172 4.115 .000

Low-Honest log hazard 0.151 0.048 3.164 .002

Note: SE standard error, p p values
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interactions should influence behaviors and perceptions over
time (Serva et al., 2005). However, in the investment/dictator
game participants are typically strangers as well (Johnson &
Mislin, 2011). Indeed, this development of trust over time can
be seen in how initial trustworthiness perceptions were not
related to high wager log hazards. Conversely, the HH log
hazards were significantly related to final trustworthiness per-
ceptions. Participants that spent longer time in the HH condi-
tion viewed the GP as more trustworthy, because the GP was
performing honest behaviors. Secondly, the likelihood of
changing from a conservative wagering strategy to a more
aggressive one was more prominent the longer partners
interacted when the GP was performing honest behaviors.
As such, the participants were clearly willing to accept greater
risk as the task progressed. Third, the current study included
ambiguity in the performance and intentions of the GP. The
inability to monitor the GP, leading to ambiguity of the GP’s
behavior, may account for the differences between the
Checkmate task and the traditional investor/dictator game.

Trustor influences

Propensity to trust was not related to trust behavior in the
current study. Propensity to trust may be an important predic-
tor of trust intentions, but not trust actions. Indeed, propensity
to trust has been related to self-report of trust intentions
(Colquitt et al., 2007) and trust beliefs (i.e., trustworthiness;
Jones & Shah, 2016). The current results, while surprising, are
consistent with research showing that one’s propensity to trust
has demonstrated weaker correlations with trust intentions
than trustworthiness has with trust intentions in the literature
and propensity to trust was not directly related to trust actions
such as risk taking (Colquitt et al., 2007). However, trust
intentions and trust actions are two separate constructs, as
behavior is influenced by many psychological aspects
(Ajzen, 1991). There are comparatively few studies that have
examined the combined effects of trustworthiness and trust
propensity on trust behaviors. One may have a high
propensity to trust in others across situations, and may
perceive trust in others, but environmental aspects such as
imminent risk or other psychological variables may also
influence the actual trusting behavior. Indeed, Jones and
Shah (2016) found trustor effects to diminish over time.
Their study involved students in a class project, where the risk
outcome, final grade in the course, may not have become an
adequate perception of risk until later in the course. In con-
trast, the risk was prominent for the current participants, as
their trust behavior related to risk of monetary loss or gain in
the immediate future. The behavior in a complex situation
such as Checkmate may rely on dynamic information about
the situation, such as imminent risk versus tasks where the
consequences for risk occur much later in time. It is also pos-
sible that the impact of one’s trust propensity on trust behavior

is moderated by contextual factors that shape the type of vul-
nerability. Little research has explored the propensity to trust
and its impact on the trust process is not fully understood.
Future research should explore the impact of trust propensity
under various contextual boundaries.

Trustee influences

Initial and final trustworthiness perceptions were related to
trusting behaviors in the current study, where behaviors fully
mediated the relationship between initial and final
perceptions. These findings, although seemingly intuitive,
are important as the current study is the first to test all three
loci of trust and find the proposed mediating effects
hypothesized by Mayer et al. (1995) and Jones and Shah
(2016). As Bankers gained more information about the GP,
they were able to make a more informed decision about their
potential future behavior. Given the cue of an honest behavior,
the Banker was more likely to leave the Low wager condition
to maximize gains and less likely to leave the Medium wager
condition. This signals a movement toward an information
processing model of the trust process as one considers the
trustee influence (Jones & Shah, 2016).

Initial perceptions of trustworthiness did not influence HH
conditions. This may be accounted for by aspects of the ratio-
nal choice model. The model dictates a participant may
choose the wager condition based on individual differences,
perhaps some not measured in the current study. For example,
aversion to risk may predict these behaviors. Those high in
aversion to risk would choose the Low wager condition as no
other information is available (i.e., GP trustworthiness). In
contrast, a participant with low aversion to risk may choose
the High wager condition when no other information is avail-
able. In this situation, the Banker may reason that it is optimal
to gain the most amount of money, regardless his perception
of the GP, since the GP is performing an honest behavior, thus
making longer durations in the HH condition feasible.

Dyadic influences

Information processing approaches suggest trustors will base
trustee trustworthiness observations on experience with the
trustee (Mayer et al., 1995; McKnight et al., 1998), as illus-
trated in our study. The current study moves beyond prior trust
studies by demonstrating the reciprocal nature of the trust
process (Serva et al., 2005). In our study, trustworthiness per-
ceptions led to trusting behaviors, which in turn, fostered
higher trustworthiness. In fact, trusting behaviors fully medi-
ated the relation between initial and final trustworthiness. In
addition, those relationships were different over time in that
initial trustworthiness was not related to HH but HH signifi-
cantly predicted final trustworthiness perceptions. These find-
ings extend the trust literature in two important ways. First, the
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results demonstrate that longitudinal research is essential for
examining the dynamics of dyadic effects (Jones & Shah,
2016). Second, these results further confirm the reciprocal
linkages specified by Mayer et al. (1995) and supported by
Mayer and colleagues (2005). Third, the differences from the
traditional investor/dictator game indicate ambiguity played a
role in the decision-making process; the inability to monitor
the GP may account for the differences between the
Checkmate task and the traditional investor/dictator game wa-
gering percentages. However, this may also be accounted for
by several other factors such as the computer-mediated aspect
of the task. Fourth, trustee’s behavior, through the dyadic in-
teractions, influenced trustworthiness perceptions. Although
this is an important aspect of trust models, such as Mayer
et al.’s (1995) model, the trustee’s behavior on the trustor’s
perceptions remain an under-studied aspect of trust research.
The current study helped to remedy this issue in the literature.

Checkmate task

The Checkmate task is a useful scenario for assessing non-
dichotomous trust behaviors. Indeed, 56 % of the interac-
tions involved a low wager by the Banker, which would
indicate a low trusting condition, despite an honest behav-
ior by the GP. Participants did, however, engage in more
risky wagering strategies over time. This is in contrast to
previous research on dichotomous trust games that typical-
ly finds a trust behavior rate of approximately 60–85 %
(Wong & Hong, 2005). One possible reason for the differ-
ence in trust behavior may be the larger amounts of money
at stake in the current study. Yet, Johnson and Mislin
(2011) did not find that endowment size influences trust.
It is possible that the added ambiguity of one’s true intent
masked potential biases of social pressures, making the
behavior a truer representation of one’s behavior. The
Checkmate task may allow for deception on the part of
the GP, thus injecting higher uncertainty in the task be-
cause the appearance of a distrusting behavior may be driv-
en by factors outside of the control of the trustee, making
trustor judgments opaque. Further, Alarconet al (2016)
found defection rates of only 5.2 % for familiar dyads
and 18.1 % for unfamiliar dyads in a Prisoner’s Dilemma
study where US$75 was at stake in each interaction. Thus,
the high rates of trust behavior found in the literature may
be slightly overstated once social pressures are reduced.

In addition, the Checkmate task more accurately assesses
trust interactions. Participants in the task were more risk
averse to losing their initial endowment gained earlier in the
study, as illustrated by the low wager condition being the most
frequent. This supports Tversky and Kahneman’s (1992) pros-
pect theory. However, when faced with trust behaviors from
the partner, bankers had a higher likelihood of leaving the
low-wager condition, indicating risk adversity had decreased

due to the partner’s honest behaviors. Thus, unlike previous
trust games that focus solely on gain or loss, the Checkmate
scenario is more ecologically valid as it entails potential for
both, as most trust decisions do.

Another advantage of the task is that it provides a more
comprehensive perspective on the trustworthiness construct
by incorporating influences not just driven by one’s intent
(e.g., benevolence and integrity) as in traditional trust games
but also inclusive of one’s ability. Checkmate affords ambigu-
ity of both partners’ behavior and intent. The Banker’s behav-
ior is ambiguous as the wager conditions overlap. The GPmay
receive US$5 to run the task, but may not know if the Banker
placed a Low orMediumwager. In contrast, the GPmay want
to reciprocate a trusting behavior from the Banker but may not
have the opportunity due to low ability. As such, the
Checkmate task allows researchers to more accurately capture
trust actions, intentions, and beliefs in one comprehensive
task. The behaviors are interpreted by each partner, in contrast
to classic games such as Prisoner’s Dilemma, which allows for
absolute knowledge of the partner’s behavior. The presence of
this ambiguity should create a Bweak^ situation and thus in-
voke more direct effects for trust (Dirks & Ferrin, 2001).

Multivariate multilevel survival analysis

Complex psychological processes that rely on the interaction
of two or more parties are often hard to model. As one partic-
ipant changes from an emotional state, cognitive state, or
some combination of the two, modeling the changes in the
interaction of the dyad become significantly harder with tra-
ditional approaches. Research has often focused on one aspect
of the dyad and modeled those effects (trustworthiness, Jones
& Shah, 2016; trust, Colquitt & Rodell, 2011), often
neglecting behavior. MMSA allows researchers to fully model
the complex interaction that occurs in dyads. Although the
temporal intervals in the current study were controlled by
the experimenter (one trust decision per round of checkmate),
MMSA has been used to model real-time changes in affect in
parent-child interactions (Stoolmiller & Snyder, 2014). The
methodology offers researchers a new tool for analyzing re-
search and closer approximating dyadic models in the psycho-
logical literature.

Limitations and future research

The current study is not without limitations. First, the task was
not experimental; although the current study captures the com-
plexities of real interactions, it does make it difficult to model
all interactions as indicated by the low occurrences of I and D
behaviors. Indeed, the I models were not able to converge
because of the low occurrences in each category (H, M, L).
Future research may want to manipulate trust games to
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explore I and D more closely. Second, a single-item measure
was used to assess trustworthiness. Although previous re-
search indicates single-item measures may be appropriate
(Ferrin et al., 2006; Jones & Shah, 2016), it fails to capture
the subtle complexities of trustworthiness. Partners may have
assessed their partners in terms of ability, benevolence, and
integrity differently than global trustworthiness. This is espe-
cially relevant in the novel task type in the current study.
Future research should replicate the current study with
established measures of ability, benevolence, and integrity to
determine the independent effect of each.

Future research could be used to tease apart the unique
effects of each trustworthiness facet on trust intentions and
behaviors. First, it would be interesting to replicate this
study using measures for all three trustworthiness dimen-
sions to examine which facet benefits the most in the face
of trusting behaviors and which suffer following either
dishonest or inability behaviors. Second, it would be inter-
esting to examine the unique effects of these dimensions in
predicting behavior over time. It is possible for instance,
that integrity and benevolence would be most predictive of
trust behaviors early on in the exchange as partners feel
each other out to understand their intentions. Yet, once an
understanding of one’s intentions is established, the per-
ception of ability may drive trust behaviors. The authors
note that a number of different framing techniques could be
used to examine the unique effects of a particular trustwor-
thiness dimension to include the difficulty of the task (abil-
ity-focused), the goal-directed behavior of the GP and the
implications of such actions whether to be team-oriented or
self-focused given differential weights for particular per-
formance elements (benevolence -focused), or consistency
with values (integrity-focused). Finally, research could ex-
amine the impact of the trustworthiness dimensions for
those high and low on propensity to trust. It is possible that
those high in propensity to trust may not care as much
about integrity or benevolence but they may consider abil-
ity as the key trust antecedent in these scenarios. Such
information would be useful for the trust literature and
would help to feed guidelines for effective teams/dyads
in organizations.
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clusions contained herein are those of the authors and should
not be interpreted as necessarily representing the official pol-
icies or endorsements, either expressed or implied, of the
ODNI, IARPA, or the US Government . The US
Government is authorized to reproduce and distribute reprints
for Governmental purposes notwithstanding any copyright
annotation thereon.

Appendix

log hi tð Þ½ � ¼ log hHH tð Þ½ �f þβ0;1PTi þ b0igHHi tð Þ þ
log hLH tð Þ½ �f þβ1;1PTi þ b1igLHi tð Þ þ log hHD tð Þ½ �f þβ2;1

PTi þ b2igHDi tð Þ þ log hMD tð Þ½ �f þβ3;1PTi þ b3igMDi tð Þ þ
log hLD tð Þ½ �f þβ4;1PTi þ b4igLDi tð Þ þ log hHI tð Þ½ �f þβ5;1PTi

þb5igHIi tð Þ þ log hMI tð Þ½ �f þβ6;1PTi þ b6igMIi tð Þ þ
log hLI tð Þ½ �f þβ7;1PTi þ b7igLIi tð Þ:
The model equation above depicts the equation for the

latent variable of the log hazard rate with MH as a start state
for log[hi(t)], which is comprised of the log hazards of all
other possible transition states log[hXX(t)]; i indicates the sub-
ject or banker; t indicates time within an episode; β is fixed
regression weight to be estimated [propensity to trust’s (PT)
effect is being estimated above] the log hazards, and b is the
random effects across dyads. The two-letter abbreviation for
the dyad state refers to the dyad states displayed in Table 1
(i.e., HH,MH, etc). The dummy variable at the end of each log
hazard component is an indicator for each type of transition.

Note: Although the current study only modeled honest be-
haviors (HH, MH, and LH), the other states are all possible
and thus are part of the final equation for the latent variable
and the probability of time within an episode. In addition,
more complex models such as mediation are available. For
more information on possible equations and uses see
Stoolmiller and Snyder (2006, 2014).
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