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Recordkeeping and Exchange: Experimental Evidence

ABSTRACT

We use computerized economic experiments to gather evidence on the economic role of recordkeeping in enabling gains from trade in more complex exchange economies.  We contrast single-dyad and multiple-dyad repeated versions of the Berg et al. (1995) investment game to manipulate exchange complexity. We allow participants in half of our experimental sessions to have access to a basic recordkeeping technology. Experimental results are consistent with (1) participants being more likely to keep records in complex exchange economies, and (2) in complex exchange economies, recordkeepers capturing greater gains from trade than non-recordkeepers. Supplemental analyses suggest that the memory constraints of participants' brains result in non-recordkeepers being unable to track as accurately their trading partners' past performance, impeding their ability to develop bidirectional trust. Even in basic settings such as ours, we document evidence of economically significant contagion effects associated with memory failure regarding past exchange that comes from a lacking recordkeeping technology. Overall, our results indicate that records of past exchange such as those at the core of modern accounting play an economically meaningful role in exchange.

1.0. Introduction

Basu and Waymire (2005) advance an evolutionary hypothesis for accounting origins wherein the core recordkeeping function of modern accounting is necessary for complex economic exchange to emerge.  This argument parallels Sombart’s (1919) hypothesis that the evolution from single- to double-entry bookkeeping enabled the emergence of large-scale capitalism.
  In this paper, we use economic experiments to test Basu and Waymire’s predictions that economic actors will (1) find recordkeeping valuable as a mnemonic aid, and hence, will when possible keep records more frequently in complex exchange settings than in simple exchange settings, and (2) use their records to capture greater gains from trade in a complex exchange setting than they would capture if they could not keep records.


Archaeological evidence shows that humans were creating formal economic records long before the modern corporation and large-scale capital markets came into being.  Recordkeeping systems such as the ancient Mesopotamian token, the British tally stick, and the Incan quipu are common to large-scale human societies characterized by complex intertemporal exchange between strangers (Robert 1956; Keister 1963, 1964).  The modern analog of these systems is the journal entry, a transactional record that lies at the core of double-entry accounting (Ijiri 1975).  These systems all encode data on transaction particulars such as the nature and amount of goods exchanged, the identities of the trading parties, and the parties’ remaining obligations.  


Adam Smith argued that human progress is driven largely by our ability to devise exchange arrangements that permit the evolution of a highly specialized division of labor (Smith 1776, Book I, chapters 1 and 2).
  Humans will cooperate with non-family members if they can trust them, and such trust is likely fostered by successful past interactions.  Basu and Waymire (2005) argue that unaided memory can store necessary data about only a limited number of past exchanges; hence, the size and complexity of most primitive economies is limited by human brain capacity. On those occasions when formal recordkeeping emerges endogenously, a complex large-scale economy becomes feasible because transacting parties can now keep track of a virtually unlimited number of complex transactions.    

Once in place, effective formal recordkeeping allows people to extract the increased gains from more complex exchanges since parties to exchange can better establish a reputation for trustworthiness in fulfilling obligations associated with past exchanges.  Indeed, Basu and Waymire argue that lack of an effective recordkeeping technology will impede the emergence of complex exchange.  Formal recordkeeping, along with other economic institutions like law and weights and measures, is thus necessary (though not sufficient) to enable a large-scale complex economy with numerous intertemporal transactions between strangers.

We use a laboratory experiment to create settings where the causal relations between human memory constraints, the keeping of formal records, and the gains from trade hypothesized by Basu and Waymire can emerge endogenously and then be measured with precision.
  We use Berg, Dickhaut and McCabe’s (1995) investment game to study complex economic exchange.  Each exchange dyad in the investment game consists of an investor and a trustee.
  The investor starts with a fixed endowment each period that he can retain for himself or can choose to send all or part of it to the trustee.  Any amounts “invested” are tripled en route creating potential gains from trade – e.g., investing $5 will result in the trustee getting $15.  Following receipt, the trustee must decide what amount, if any, to “return” to the investor.  Obviously, gains from trade can be captured when the trustee is able to convince the investor that he is trustworthy – i.e., that he can be counted on to share at least part of the gains from trade with the investor.  This experiment has been run many times all over the world, usually with anonymous pairs, and almost invariably investors send money to trustees and receive money back (e.g. Smith 2003).  We use a multi-round version of the investment game to study the development of bidirectional trust and reputations in repeated economic exchange.

We program and conduct the investment game with the computer software z-Tree (Fischbacher 1999) in a 2 by 2 factorial design.  The software tracks the amounts sent and received each round by each participant, and the time taken by each participant to make decisions.  The first independent variable, manipulated between subjects, is whether a participant can keep records on the computer screen (yes or no).  The Toolbox computer software lets us precisely identify when participants first choose to create economic records (if at all), the time and nature of any subsequent recordkeeping innovations, and the relation between recordkeeping and the gains from economic exchange.  The second independent variable, also manipulated between subjects, is the complexity of the exchange environment.  Thus, we have four experimental conditions: (1) complex exchange opportunities with recordkeeping, (2) complex exchange opportunities with no recordkeeping, (3) simple exchange opportunities with recordkeeping, and (4) simple exchange opportunities with no recordkeeping.    

In this paper, we manipulate exchange complexity by varying the number of simultaneous exchange dyads for each participant.  Our complex condition allows a given investor to interact with five trustees and a given trustee to interact with five investors – i.e., each participant interacts simultaneously in five exchange dyads.  Thus, our complex condition involves ten participants where five investors and five trustees each see their payoffs from the five dyads within which they interact, but they do not observe the payoffs in dyads in which they do not participate.  In contrast, the simple exchange condition has five investors and five trustees, each of whom has exchange opportunities in only a single dyad; each investor is matched with a single trustee in repeated play. All sessions consist of ten trading periods, although participants are not told the number of trading periods to mitigate last period effects.  

Our results support the hypothesis that records are kept more often in complex exchange settings than in simple settings.  More importantly, dyads in the complex recordkeeping condition realize greater gains from trade than dyads in the complex non-recordkeeping condition, and these differences in gains from trade are both economically and statistically significant.  Further analyses suggest that keeping records leads self-interested investors to curtail interaction with non-cooperative trustees in later periods of the game and focus their interactions on those trustees who have proven beneficial in past interactions.

A startling experimental finding is that in the complex non-recordkeeping setting, we find substantially less positive lagged correlations between: (1) investors’ current decisions, and (2) past within-dyad payoffs to the investor compared to the complex recordkeeping condition.  The positive correlation with lagged payoffs is expected since a permanent external record should enable better recall, allowing the investor to condition his current investment decision on a deeper history of within-dyad interactions.  The big surprise in the complex non-recordkeeping condition is that investment decisions exhibit a strong positive correlation with the past payoffs of other exchange dyads that is an order of magnitude larger than the same correlation in the complex recordkeeping condition.

One interpretation of this result is that the limited memory of investors in the complex non-recordkeeping condition constrains their ability to rank alternative trustees on trustworthiness (and hence expected payoffs) as accurately as they could with a formal record.  The consequence is that investors in the complex non-recordkeeping condition are more likely to invest high (low) amounts in a given trustee when they have obtained, on average, favorable (unfavorable) payoffs from their interactions with all other trustees.  Moreover, because the actions of trustees are likely influenced by the other investors in the game, this implies that the actions of investors can be influenced by the past decisions of other investors in superficially unrelated dyads.  

This interpretation suggests that a simple historical record of past exchange exerts a powerful influence by helping to mitigate deleterious contagion effects that arise when basic recordkeeping technologies do not exist.  Most importantly, the incremental trading advantage of accounting records emerges with a relatively tiny increase in exchange environment complexity relative to modern economies. In sum, our evidence suggests that the economic leverage of basic accounting technology is potentially enormous, which is consistent with the evolutionary hypotheses of Basu and Waymire (2005) and Sombart (1919).

The rest of the paper is organized as follows.  We develop our hypotheses in section 2.  The experimental design is provided in section 3 with evidence reported in section 4.  We summarize and discuss the implications of our findings in section 5.

2.0. Hypotheses

Humans are unique among vertebrates in their ability to sustain large-scale complex cooperative arrangements (Wilson 1975, chapter 27).  These arrangements range from organized altruism through charities to the sophisticated, evolved economic structures represented by modern markets and for-profit organizations.  Research in biology and related fields examining non-cooperative games (e.g., the Prisoner’s Dilemma) suggest that the roots of cooperation lie in our ability to develop reputations in repeated interactions (Trivers 1971; Dawkins 1976; Axelrod and Hamilton 1981).  This derives in part from our “ability to recognize other individuals and keep score” (Ridley 1996, 83).  


Toward this end, evolutionary psychologists argue that human brains have evolved to facilitate social exchange and cooperation (Cosmides and Tooby 2005).  Relevant evolutionary adaptations encompass multiple abilities to ex ante detect persons who are likely to prove uncooperative.  Mechanisms for “cheater detection” include a host of non-verbal cues that occur in face-to-face interactions (Owren and Bachorowski 2001).  These evolved mechanisms also include memory improvements within the brain that enhance storage of salient information about past interactions (Klein et al. 2002).


Anthropologists argue that genetic evolution alone does not offer a complete explanation for complex modern economies (Richerson and Boyd 2005; Henrich 2004); they assert that recent large-scale human cooperation has evolved mainly through culture.
  For example, culture is manifested in social norms that promote cooperative behavior.  Cooperative norms represent shared expectations about appropriate behavior and are incorporated in evolved institutions that help identify, punish and share information about instances of non-cooperative behavior (Fehr and Fischbacher 2003, 2004; Fehr and Gächter 2002).  

Ultimately, developing institutions that foster trust between strangers is how mankind created the enormous wealth that derives from complex economic exchange and specialized division of labor (Smith 1776; North 1990, 2005).  Basu and Waymire (2005) hypothesize that the core recordkeeping function of accounting co-evolves with other institutions (e.g., law, money, weights and measures, etc.) to enable large-scale economic coordination.  Their basic story is that formal records create “memory” external to the human brain.  Moreover, such records can be rendered hard by various means so that ex post it “will be difficult for people to disagree” (Ijiri 1975, 36).
  Such records facilitate future dispute resolution in the event that parties to the initial exchange fail to perform their remaining obligations.  There is considerable historical evidence that formal records are ubiquitous in large-scale human societies and that these records are commonly used in resolving legal disputes.


Our focus in this paper is on structuring baseline experiments on the role of accounting records external to the brain as a mnemonic aid that fosters exchange.  We  plan to run future experiments with more complex exchange opportunities that should encourage emergence of more sophisticated institutional arrangements such as hard verifiable information and broad communication of reputations that promote increased cooperation and gains from trade.

In the present experiment, we specifically test two predictions of the exchange-based hypothesis for accounting origins advanced by Basu and Waymire.  The first is that an available recordkeeping technology is used more frequently when complex exchange opportunities are available (where we operationalize complexity as the opportunity to participate simultaneously in multiple exchange dyads).  Our first hypothesis (in alternative form) therefore is:


H1: Formal records are kept more often in complex (multiple-dyad) exchange settings than in simple (single-dyad) settings.


Basu and Waymire also predict that formal records store information about past cooperation better than unaided memory.  As a consequence, in complex settings greater trust is fostered and actors are more likely to engage in exchange with strangers when records are kept than when they are not.  Our second hypothesis (in alternative form) is:


H2: Formal recordkeeping increases gains from trade in more complex (multiple-dyad) exchange settings.


Implicit in this hypothesis is the argument that records external to the brain facilitate learning and discovery of more efficient outcomes through market interaction (Hayek 1968/2002).  Hayek’s compelling conclusion is that monopoly produces inefficient outcomes because learning and innovation are discouraged by the lack of competition.  Thus, market exchange in competitive conditions generates information that is useful in discovering ways to improve economic efficiency.  Our second hypothesis suggests that formal records help economic actors to better retain what they learn through past market interactions.  It is this ability to retain what they learn from exchange interactions that ultimately enables the extraction of higher gains from trade.  

3.0. Experimental Design and Method

We test our hypotheses using a multi-dyad repeated version of Berg, Dickhaut, and McCabe’s (1995) investment game in a 2 x 2 factorial design.  The first independent variable, manipulated between subjects, is the availability of a recordkeeping technology (present or absent).  The second, also between subjects, is the level of complexity in the trading environment (single dyad or multiple simultaneous dyads).  In a given session, all participants are in the same experimental condition.  We thus have four types of experimental sessions: either simple or complex trading environments, with participants either allowed or not allowed to keep records.  We describe sequentially the one-shot single dyad investment game, the repeated single dyad investment game (our simple exchange setting), and the repeated multi-dyad investment game (our complex exchange setting), before describing how we implement them.

3.1. The One-Shot Single-Dyad Investment Game

Each investment game begins with an A-player, whom we label “investor,” receiving an initial endowment of experimental currency.  The investment game then proceeds through two sequential stages of play.  In the first stage, each investor decides how much of the initial endowment to keep and how much to “invest” with a paired B-player, labeled “trustee.”  Whatever amount the investor sends is tripled in value before the trustee receives it.  In the game’s second stage, the trustee decides how much of the amount received to “return” to the investor.  No communication is allowed, other than the notification of each participant’s decision to the other participant.  Participant anonymity is typically maintained throughout to reduce confounding influences on trust.

If both participants in an anonymous one-shot investment game are selfish wealth-maximizers, the subgame perfect Nash equilibrium predicts no gains from trade.  That is, the trustee does not return any money to the investor, and anticipating this, the investor invests no money.  While neoclassical game theory predicts this non-cooperative outcome, it is not Pareto optimal.  Specifically, if the two participants can establish a cooperative relationship, both stand to gain from trade.  The gains to trade result from the tripling of the investment.  Thus, the dyad’s gains from trade are maximized when the investor trusts the trustee sufficiently to invest the maximum amount possible – the entire endowment.  

The anonymous one-shot single-dyad investment game has been conducted with diverse subject pools around the world (Berg et al. 1995, Camerer 2003).  In sharp contrast to the neoclassical economic predictions, investors frequently invest money with the trustees, and trustees frequently reciprocate by sharing the gains from trade with investors.
  In other words, people seem predisposed to cooperate rather than behave in a purely selfish manner.  While there is little cross-country variation in the decisions of student subjects in economic experiments, Henrich et al. (2001) report that there is considerable cross-cultural variation in social norms for cooperative behavior, primarily explained by the degree of market integration and payoffs to cooperation.  The one-shot investment game is used extensively by neuroscientists to identify parts of the brain that are involved in decision-making (e.g. McCabe et al. 2001, Glimcher and Rustichini 2004)

3.2. The Repeated Single-Dyad Investment Game

Recently, King-Casas et al. (2005) use a repeated single-dyad version of the investment game to study the evolution of reputation and trust in two-person economic exchange.  Specifically, they have single dyads play 10 consecutive rounds of the investment game, with participants retaining the role of investor or trustee throughout.  The multi-round format comes closer to real-life social interactions than a one-shot game, and the game structure allows for (i) development of bidirectional trust, in that both investor and trustee assume risk that money sent may not be reciprocated in future interactions, and (ii) reputation formation as both participants develop mental models of one another through their repeated exchange.  

Regression analyses show that reciprocity (fractional change in money sent by one participant in response to fractional change in money sent by the other) significantly predicts trust (amount sent by a participant).  In addition, amounts sent in the current period are positively correlated with the level and change in amounts received most recently.  Furthermore, as play progresses through rounds, trustees begin to anticipate investors’ decisions and develop an “intention to trust” even before they receive money (as revealed by fMRI neural imaging).  Notably, reputation formation occurs even though participants cannot keep external records, and participants appear to keep track of at least the last two amounts sent and received.  We adopt this 10 round single-dyad game as our non-recordkeeping simple exchange setting, and use this as a baseline to probe the effects of recordkeeping as the exchange setting is made more complex. 

3.3. The Repeated Multiple-Dyad Investment Game


To increase exchange complexity in a natural manner, we extend the repeated game to allow each participant to simultaneously participate in multiple dyads, retaining the same role (investor or trustee) and matched partners through all 10 rounds.  Participants are notified only of the decisions that affect themselves.  For example, trustee B1 will learn how much money investor A1 chose to send to him, but not how much investor A1 sent to the other trustees B2 through B5.  While the multiple dyads allow each participant to try out several strategies, it also means that they have to identify different partners’ strategies simultaneously and develop appropriate responses.  In addition, the complex exchange setting allows for contagion and feedback effects across participants that are not possible in the simple exchange setting.

We expect that keeping mental track of the changing decisions of multiple partners for several previous rounds while trying to infer their strategic intentions is likely to strain participants’ memory.  Thus, the demand for recordkeeping should increase as the number of trading partners and number of trading rounds is increased, i.e., as we increase trading environment complexity (Hypothesis 1).  The implication is that among participants who can keep records, those in the complex exchange sessions will keep records more frequently than those in the simple exchange sessions.  

The increased cognitive strain on unaided human memory in the complex exchange setting should reduce participants’ ability to capture gains from trade.  However, the ability to use external records as mnemonic aids in the complex exchange setting should restore this ability, and may even permit greater gains from trade by generating competition between participants on the same side of the market.  This implies that for participants in the high complexity sessions, gains from trade (measured as the dyad’s total payoff as a percentage of the maximum total possible payoff) will be greater for dyads that can keep records compared to dyads that cannot, and that this difference will be less pronounced in the simple exchange setting (Hypothesis 2).  Thus, we predict that in the complex exchange condition, the availability (and use) of recordkeeping will be positively associated with gains from trade.
  This prediction is summarized in Figure 1.

3.4. Computer Software and Data Collection

Participants in a laboratory setting interact anonymously over a local computer network, programmed and conducted with the software z-Tree (Fischbacher 1999) that was specifically designed for economic experiments.  The program automatically notifies each participant of the amounts received from their trading partners each round, and keeps track of all amounts sent and received by each participant in each round.  The software also tracks the time at which each participant sends money in each round.
  Play advances to the next stage or round only after all participants in the current stage make their decision.

We manipulate the availability of a recordkeeping technology by providing a text-based electronic notebook to participants in half of the sessions.  The notebook is a blank textbox, situated at the right side of the computer screen.  The Textbox program recorded the contents of the textbox every five seconds for the length of the session to provide data regarding the timing, content, and extent of recordkeeping engaged in by individual participants.  This program is the only method available for personal recordkeeping.  That is, participants do not have access to paper and pencils.  Nor can they use Microsoft Word, Notepad, or any program other than z-Tree (through which the investment game is played) and Textbox (for those participants in the Recordkeeping Available condition).

3.5. Conduct of the experiment

The experiments were conducted in Montreal, Canada by CIRANO over several sessions during November and December 2005.  The use of an external laboratory should mitigate potential bias due to unconscious prompting by investigators.  Participants were recruited by CIRANO from a standard subject pool and remain anonymous to the authors.  Demographic data (e.g., participant age, sex, etc.) were collected in a computerized post-experimental questionnaire within zTree.  The post-experimental questionnaire also elicited qualitative descriptions from participants on their initial strategies, any revisions in these strategies as play progressed, and any inferences they drew regarding their partners’ strategies.

Each experimental session lasts 10 trading periods.  Participants are not informed of the number of periods to mitigate end game effects, although they are told the experiment will last about two hours.  All participants in a session are in the same experimental condition, i.e., either simple or complex, and able to keep records or not.  Each experimental session includes ten participants, each of whom is randomly assigned to be either an investor or a trustee (with the restriction that each session contains 5 investors and 5 trustees).
  Each session begins with an overview of the instructions (see Appendix A), during which participants learn that they will earn money in an experimental currency called lira.  Earned lira is converted to cash at a rate that varies by  experimental condition to equalize the maximum possible payout per participant across sessions.
  

To avoid drawing attention to the notebook in the experiment instructions, we referred to the textbox as follows (see Appendix A):  “the right side of your screen is there for your convenience if you should want to use it for typing.”  After participants read the instructions, each participant takes a quiz to ensure full understanding.  Misunderstandings were resolved by private, face-to-face instruction.   

4.0. Evidence 

We report the results of our hypothesis tests in section 4.1.  Cross-sectional dependence in some of our measures makes it hard to identify the true degrees of freedom in a statistical test.  Hence, we draw statistical inferences using p-values obtained by bootstrapping the empirical distribution of the test statistic under the null hypothesis, using 100,000 replications.  We interpret these results integrating several supplementary analyses in section 4.2.

4.1. Results of Hypothesis Tests


In testing H1, we used a simple 0-1 variable for each participant that equaled one if recordkeeping (and zero if no recordkeeping) occurred at any time in the experiment.  We considered records to be kept if a participant made any keystroke in the Textbox program at any time during the experiment.  The results from testing H1 with this measure are shown in panel A of table 1.  These results strongly support the hypothesis that, when given a choice, participants are more likely to keep records in complex exchange settings than in simple exchange settings.


The first column in table A indicates that either an investor or a trustee kept records in 97% of the 125 dyads in the complex setting compared to 76% of the 25 dyads in the simple setting (one-tailed p-value = 0.0009).  Since each participant is included in five dyads in the complex setting, the second column corrects for this obvious source of data dependence by counting each participant only once.  Seventy-eight percent of participants kept records in the complex setting while only 50% did so in the simple setting (one-tailed p-value = 0.0117).


The final two columns of panel A show that the same result holds within both the investor and trustee groups.  Eighty-eight percent of investors kept records in the complex exchange setting against 48% in the simple exchange setting (one-tailed p-value = 0.0006).  Sixty-eight percent of trustees in the complex exchange sessions kept records versus 52% in the simple exchange sessions (one-tailed p-value = 0.0967). The data show that recordkeeping is most pronounced among investors in the complex exchange condition, possibly because they are taking on the greatest risk across sessions.


Because the 0-1 variable we examine in panel A likely measures the extent of recordkeeping with noise, we examined two other properties of participants’ records:  (1) the period in which recordkeeping began (i.e., when participants first made their first keystrokes in the Textbox area) and (2) the total number of keystrokes on their screens at the end of the final period.  If our measure in panel A reflects only random scribbles by participants, we expect that these other measures will show no systematic differences between the samples.

Panel B of table 1 indicates that 68% (17 of 25) of the investors in the complex exchange setting started keeping records in the first period of play compared to only 8% (2 of 25) of the investors in the simple exchange setting.  These differences are less pronounced for trustees.  Per panel C, the mean and median number of keystrokes on participants’ screens at the end of the tenth period are substantially higher for investors than for trustees in the complex setting; no similar effect is apparent in the simple setting.
  The summary statistics in panel C are of course not directly comparable across the complex and simple conditions as the number of keystrokes would naturally be greater in the complex setting (relative to the simple setting) when a participant kept a complete history of exchange.  Both panels B and C are consistent with the pattern of results in panel A suggesting that investors keep more extensive records than trustees in the complex exchange condition.


Table 2 reports the results from tests of H2.  The basic thrust of our second hypothesis is that participants in a particular investor-trustee dyad can extract greater gains from trade in complex settings when they can keep records than when they cannot.  We measure a given dyad’s ability to extract gains from trade as the ratio of the combined payout for the investor and trustee divided by the total maximum amount that the dyad could have earned (always 30 lira per round).  Thus, we measure the ability to secure gains from trade as the dyad’s earnings as a percentage of the maximum possible earnings, which ranges from zero to one hundred percent.


The evidence in table 2 indicates immaterial differences in the gains from trade between the recordkeeping and non-recordkeeping conditions in simple exchange settings.  The mean gain from trade for dyads in the recordkeeping condition is 68.7% compared to 68.4% for the non-recordkeeping condition in simple settings (one-tailed p-value = .3738).  The medians are identical (68.0%).  We conclude that formal recordkeeping has no economically significant impact in the simple exchange condition.


The results for the complex settings reflect a fundamentally different picture.  In these settings, the dyads that can keep records earn a mean of 71% of the total payout possible compared to 66.6% for dyads that cannot keep records (one-tailed p-value = .0387).  The median percentage gain from trade is also higher in the recordkeeping condition (69.3% versus 66.0%).  These differences are consistent with our second hypothesis that recordkeeping enables significantly increased gains from trade in complex exchange settings.


We view the 4.4% mean difference in gains from trade (71% - 66.6%) in the complex recordkeeping setting as economically very important.  Although 4.4% may appear small in relation to the 66.6% mean gains from trade in the complex non-recordkeeping condition, 4.4% is approximately 13% of the maximum possible increase in gains from trade of 33.4% (100% - 66.6%) above the complex non-recordkeeping condition.  More importantly, we find this sizable gain in a “complex setting” that is almost transparent in comparison to the complexity of a modern exchange economy.
  Last but not least, the 4.4% differential arises over only 10 periods, but has the potential to increase further if play were extended over a greater number of periods (which could be investigated using agent-based models that simulated our experimental economy over a much longer time horizon).


That recordkeeping has economically significant effects is further supported by the relatively weak performance of the dyads in the complex non-recordkeeping setting.  Economic theory assigns an important role to competitive market exchange because it encourages the learning and innovation that is central to producing efficiency gains (Hayek 1968/2002).  In our experiment, competition alone is insufficient to produce efficiency gains.  The mean gains from trade in the simple non-recordkeeping setting (68.4%) actually exceeds the mean for the complex non-recordkeeping setting (66.6%).  In contrast, the mean gains from trade with recordkeeping increases from 68.7% in the simple setting to 71% in the complex setting.  This suggests that exchange interaction and competition facilitate learning in our experiment only when participants can keep records external to the brain.

4.2. Supplemental Analyses and Interpretation of Results


We also conducted supplemental analyses of our data to aid in interpreting the results of our hypothesis tests.  In particular, we examined: (1) the ability of recordkeeping investors to identify uncooperative trustees and exclude them from future interactions, and (2) implications of recordkeeping for the auto- and cross-correlational structure of participants’ choices that emerges from interaction between investors and trustees.  Our focus in these tests is on investor decisions in the complex setting.  The reason for this is that gains from trade in the investment game are determined entirely by the investor’s decision.  That is, the amount sent by the investor is a sufficient statistic for the dyad’s gains from trade in a given period.  Further, significant effects of recordkeeping on the gains from trade occur in complex but not simple settings.  Thus, we decided to focus our attention where recordkeeping had the greatest impact.

If the causal reasoning behind our predictions is valid, then the keeping of records by investors in the complex setting will provide improved recall of selfish behavior by specific trustees in prior periods.  In turn, this will provide a basis for investors to curtail interaction with such trustees in future periods and instead focus their investments on partners whom they trust to share equitably the gains resulting from their investments.


Descriptive evidence supporting this conjecture is provided in table 3.  This table describes the incidence of a phenomenon we term “grinching” as well as investment levels in different periods of the game.  For present purposes, we define a trustee as having “grinched” an investor when the trustee received a positive amount from the investor, but chose to return nothing.
  Every investor prefers to identify grinches in order to avoid wasting his endowment on such persons.  When the investor perceives a lower (higher) probability of being grinched, it is likely that the he will make larger (smaller) investments. 

The first result to note from table 3 is that there are fewer grinchings in complex settings when recordkeeping is available (N = 57) compared to when recordkeeping is not available (N = 83), and these differences are more pronounced in later periods (23 grinchings in periods 6-10 with recordkeeping versus 40 without recordkeeping).  We interpret this pattern as likely resulting from decisions by investors to curtail interaction with grinches.  In terms of subsequent investment decisions, this would imply both a greater incidence of zero investments (in dyads with grinches) as well as a greater incidence of maximum level investments (in reciprocating trustees) in later periods.  

The remaining columns in table 3 confirm this conjecture.  The third column indicates a greater incidence of zero investments in recordkeeping settings (N = 229) versus non-recordkeeping settings (N = 208) that becomes more pronounced in later periods.  Note that 168 of the 229 (73%) zero investments in the complex recordkeeping setting occur in periods 6-10 compared to 131 of 208 (63%) in the complex non-recordkeeping setting.  The final two columns in table 3 indicate that investors make positive investments in 1,021 of the periods in the complex recordkeeping setting, and that 430 (42%) of these investments are of the maximum amount.  While investors invest some money more frequently in the non-recordkeeping condition (1,042 versus 1,021), only 210 (20%) of these are for the maximum amount.  Most importantly, a higher frequency of maximum investment is maintained in every period of the game when recordkeeping is possible.
  This difference in the frequency of maximum investments in the recordkeeping setting is what drives the significant difference in mean dyad payoffs shown in table 2.

Further analysis reveals that the use of recordkeeping in the complex setting, while increasing the total gains to trade, benefits primarily investors.  Figures 2A through 2D provide time series plots of average investor and trustee profits in both the simple and complex exchange conditions with and without recordkeeping.  Figure 2A reveals systematically higher per period mean profits to investors as a result of recordkeeping in the complex setting.  No similar difference is apparent for trustees in the complex exchange condition (figure 2B) or for investors and trustees in the simple exchange setting (figures 2C and 2D).  These results suggest that investors use recordkeeping technologies to generate greater gains from trade, and that they capture the greater share of these benefits.


In a second set of descriptive analyses, we examined the auto- and cross-correlation structure of choices within our experiment, which arise endogenously.  Since participants are randomly assigned and their identity is anonymous, there is no history of direct known interactions between investors and trustees that would condition initial interactions.  Thus, any correlation between investor investments and past returns on investments (ROI) from any dyad emerges endogenously as a result of how investors incorporate information about past trustee actions into their current investment decisions.  

To illustrate, an investor observes two types of historical information that can condition his choice of investment levels in any period after the first period.  One obvious source is the return on investment (ROI) realized previously by the investor through an investment in a particular dyad.  We expect that the correlation of an investor’s current investment in a particular dyad will correlate positively with past ROIs obtained by that investor in interactions with the dyad’s trustee.
  Further, we expect that these correlations will be more positive at longer lags when recordkeeping is possible since a formal record can act as a mnemonic aid to counteract imperfect memory of more distant history in the investor’s brain.


A less obvious effect is that recordkeeping external to the brain allows investors to keep their investment decisions with respect to a specific dyad from being unduly influenced by the investor’s past interactions with other trustees.  To clarify, as the experiment progresses to later periods, the lack of a record external to the brain means that the investor may no longer be able to rank as accurately the five trustees as to past ROI.  Thus, imperfect memory of past trustee behavior adds noise into a ranking of the likely reward from investing in a particular dyad.  The consequence is that investment in a particular dyad can be positively (negatively) influenced by a history of high (low) ROIs from other dyads that are incorrectly attributed to the trustee in the specific dyad being evaluated.  


This measurement error due to imperfect recall of past outcomes has two effects.  One is that the investor will (inadvertently) condition investment in a particular dyad on the results of his past interactions with other trustees.  Further, since other trustees’ within-dyad actions are determined in part by their interactions with other investors, the lack of an effective recordkeeping technology can exacerbate contagion effects since other trustees’ actions can be influenced by the past actions of investors in other dyads.


Descriptive evidence supporting these conjectures is provided in table 4, which shows Pearson correlations between current investments and past ROIs.  ROI is calculated as the ratio of the amount returned by the trustee divided by the amount invested by the investor within the same period.  For each period of the experiment after the first period (t = 2, 3, 4, …10), we calculated correlations at various lags back to the first period of the experiment.  The table shows correlations applicable to investments made in periods 10 and 5 (other periods are omitted for purposes of brevity).


Three sets of correlations are shown for each lag for both the complex recordkeeping condition (panel A) and complex non-recordkeeping (panel B) conditions.  The first shows the correlation between the investor’s current investment in a particular dyad with the past ROIs for that dyad’s trustee.  For example, the first coefficient of .42 in panel A refers to the correlation between: (1) the investor’s period 10 investment in a specific dyad, and (2) the ROI obtained from that same dyad’s trustee in period 9.  The coefficient of .51 just below that is the correlation between: (1) period 10 investment, and (2) period 8 ROI from the same trustee.  That these correlations are strongly positive is not surprising given the results in table 3 indicating that investors are directing investment towards cooperative trustees.


In the second column in panel A of table 4, the first coefficient of -.07 refers to the correlation between: (1) the same period 10 investment for a particular dyad, and (2) the average ROI obtained by the same investor in period 9 in other dyads.  The third column in panel A of table 4 shows a coefficient (equal to .04) that reflects the association between (1) the amount of the period 10 investment in the dyad and (2) the average ROI obtained by other investors in interactions with other trustees during period 9.  That these latter two correlations are small suggests that period 10 investment within a particular dyad in the recordkeeping condition depends very little on the past returns of other dyads and depends mostly on the results of past within-dyad interactions.


Three points about table 4 become evident through direct comparisons between panels A and B.  Consider first a comparison between the first column of correlations in panels A and B.  In all cases except for lag –1, the correlation is more positive in panel A than for panel B.  This suggests that a longer history of past within-dyad interaction is being carried forward into period 10 investments in the recordkeeping condition.  Thus, the availability of a formal recordkeeping technology helps the investor condition current investment on a longer history of past within-dyad interactions.


A similar comparison of the second column between panels A and B reveals that a investor’s past average ROI from other trustees is more positively associated with period 10 investments in the non-recordkeeping setting.  Note in particular that all correlations in the second column of panel B are positive and some even exceed .20 (e.g., at lags –5, -6, -7, and –9).  Consistent with the arguments about the economic value of recordkeeping in section 2, we interpret this as consistent with faulty memory resulting in measurement errors by investors in associating past ROI with specific trustees.  That is, the investor may view a specific trustee more favorably (negatively) in later periods when they have experienced high (low) ROIs from other trustees in early periods.


The final and most telling comparison is between the third column of correlations in panels A and B.  In panel A, all of these correlations hover near zero (the mean of these nine correlations is -.04) indicating not surprisingly that period 10 investments bear no economically significant correlation with the past ROIs in other investor-trustee dyads when recordkeeping is available.  In stark contrast, the same correlations in the complex non-recordkeeping setting are all positive and large (mean of .41) when no recordkeeping technology is available.  These correlations are in most cases not only more positive than those in panel A by an order of magnitude, but are also in every case larger than those shown in the first column of panel B.  One interpretation of this regularity is that the availability of a basic recordkeeping technology allows investors to keep their investment choices free of contagion effects emanating from other dyads’ interactions.  The final three columns applicable to period 5 investments suggest that contagion effects emerge in earlier rounds.


Our supplemental analyses support the following interpretation of the evidence in tables 1 and 2.  Formal recordkeeping by investors in the complex setting provides improved recall of past non-cooperative behavior by specific trustees.  This enables investors to curtail investment in dyads with non-cooperative trustees and make larger investments in dyads with cooperative trustees.  The net effect of this is enhanced trust by investors, which leads to an increased frequency of maximum gains from trade.  In contrast, investors in the complex non-recordkeeping condition find it more difficult to recall past interactions with specific trustees.  As a consequence, their poorer memory allows investment choice for a specific trustee to be influenced (inadvertently) to a greater degree by the results of investments in other exchange dyads.  

Further, since other investors can affect the behavior of these other trustees, the lack of a recordkeeping technology significantly magnifies contagion effects where investment becomes associated with economic rewards in remote and seemingly unrelated dyads.  These effects are reflected in starkly different patterns of cross-dyad correlations in the recordkeeping and non-recordkeeping settings, which emerge endogenously as a result of choice in the experiment.  The important inference economically is that the formal record external to the participants’ brains is what facilitates learning through exchange and the discovery of more efficient outcomes in our experiment.

5.0. Summary

In this study we have reported the results from an experimental test of two implications of the evolutionary hypothesis advanced by Basu and Waymire (2005) as an explanation for recordkeeping origins.  These implications center on the role of recordkeeping in enabling complex exchange.  The two specific hypotheses tested in this paper are: (1) recordkeeping plays a valuable role as a mnemonic aid in complex exchange and hence is more likely to be used by economic actors in complex exchange settings compared to simple exchange settings, and (2) the availability and use of a recordkeeping technology external to the brain enables economic actors to extract significantly greater gains from trade in complex settings than they can when not allowed to keep records.

Using a multiple-dyad repeated version of the investment game in Berg, Dickhaut, and McCabe (1995), we provide evidence supporting these hypotheses.  Records are kept more frequently when complex exchange opportunities are available to experimental participants compared to simple exchange settings.  Further, in the complex recordkeeping condition, dyads that can keep records earn gains from trade that are both economically and statistically significantly greater than those realized by dyads that cannot keep records.  This occurs in large measure because the keeping of records leads experimental participants to more effectively focus their interaction on specific cooperative individuals, and perhaps more importantly, also avoid the contagion effects that characterize the complex non-recordkeeping setting examined in our experiment.  More generally this occurs because records provide the means for exchange participants to learn and ultimately discover more efficient outcomes.

King-Casas et al. (2005) show that in repeated single-dyad investment games, participants are able to develop reputations for trustworthiness in the absence of recordkeeping.  We believe we are the first to study repeated investment games with simultaneous multiple-dyads.  In comparison to the single-dyad setting, our results suggest that participants in the complex non-recordkeeping setting have greater difficulty in developing reputations for trustworthiness, and extract less gains from trade on average than in the simple non-recordkeeping condition.  This suggests that limited human brain memory constrains the ability to capture gains from trade with as few five strangers, suggesting that recordkeeping can generate economically  significant competitive advantage even at very low levels of exchange complexity.  In contrast, the strong dyad-specific correlations in the complex exchange recordkeeping setting suggest that the ability of individuals to develop reputations for trustworthiness in a complex exchange economy depends heavily on the recordkeeping abilities of their trading counter-parties.  We believe that the importance of accounting records in the market discovery processes that support reputation formation is vastly under-appreciated by most observers. 

A final implication of our results is that self-interested humans are able to extract gains from exchange in our experiment, but these persons are not led to this outcome entirely by some force that is not subject to empirical measurement.  Rather, our results suggest that the accounting records created by our experimental participants played an economically significant role in their ability to produce gains from trade through mutually advantageous exchange.  Borrowing a standard metaphor from classical economics, it would seem as though Adam Smith’s “Invisible Hand” is casting a long shadow over the records created by our experimental participants.

Consequently, if our results generalize and become even more economically significant in settings beyond our simple baseline experiment, they would of course have significant implications for the importance scholars attach to the seemingly mundane task of creating the historical transactional records that lie at the heart of modern accounting.  It is therefore important to investigate the broader implications of our experimental findings.  An obvious starting point is to directly extend our experiments to incorporate a richer institutional structure that would include greater exchange complexity (e.g., an increased number of randomly-matched dyads, expanded intertemporal trade with differing investment by period, and varying investment opportunities through the use of period multipliers and endowment), broader communication of a person’s past behavior through gossip and cheap talk, methods for rendering information “hard” in the sense envisioned by Ijiri (1975, 36), and the possibility of asymmetric observation of stochastic investment outcomes which could erode trust between exchange parties.  

More broadly, agent-based models can be used to simulate the long-term performance of economic systems as a function of recordkeeping and accounting technology.  We hope that experimental work on the economic role of hard transactional records and accounting information can eventually be linked to human brain functioning through the emerging methods of “neuroeconomics” (e.g., Chorvat and McCabe 2004, Glimcher and Rustichini, 2004).  Ultimately, the result will be a better understanding of how recordkeeping and accounting have played a role in the evolution of economic systems and human societies as hypothesized by Sombart (1919) and Basu and Waymire (2005).
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Appendix A – Experiment Instructions – Complex with Record-Keeping

Introduction

You have been invited to participate in a decision making study.  During today’s session, you will earn income in an experimental currency called Lira.  At the end of the session, this currency will be converted to dollars at a rate of $0.04 (4 cents) per Lira, and you will be paid in cash. 

Please read these instructions very carefully.  You will be required to complete a quiz, in order to demonstrate that you have a complete and accurate understanding of these instructions.  After you have completed the quiz, the administrator will check your answers and discuss with you any questions that have been answered incorrectly. 

Session Overview

This session will be run entirely over the computer.  Please do not talk with any of the other participants.  If you have a question, you may raise your hand, and the administrator will answer the question privately.  You are precluded from using paper or pencil during this session.  However, the right side of your screen is there for your convenience if you should want to use it for typing.   

Roles and Procedures

Every participant will be assigned to the role of either an A-player or a B-player.  You will be organized into groups of 10 players, consisting of 5 A-players and 5 B-players.  Each A-player in the group will be simultaneously paired with the 5 B-players in the group.  Similarly, each B-player will be simultaneously paired with the 5 A-players.  For example, if the 5 A-players in a group are designated A1-A5, and the 5 B-players are designated B1-B5, the following diagram demonstrates all pairings in the group.

   A-Players



B-Players

       A1




     B1




       A2




     B2


       A3




     B3

       A4




     B4

       A5




     B5

These roles will be completely anonymous.  That is, you will know your own role, but you will not know the role of any other participant.

You will be asked to make decisions in a number of identical rounds.  Each round begins with each A-participant receiving an initial endowment of 10 Lira for each paired B-participant.  That is, each A-player will receive 10 Lira for B1, 10 Lira for B2, 10 Lira for B3, 10 Lira for B4, and 10 Lira for B5, for a total of 50 Lira.  

Each round proceeds through two sequential stages.  

Stage 1

In the first stage, each A-player will be prompted by the computer to decide how much of the initial endowment to keep and how much to send to a paired B-player.  For example, A1 will decide what amount (from 0 to 10 Lira) to send to B1.  Similarly, A1 will decide what amount to send to B2 through B5.  The amount sent will always be in whole Lira.  The A-Player will keep any money s/he has not sent to each B-Player.

The A-Player’s Stage 1 decision will be entered on the Screen 1, pictured below.
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Screen 1

Whatever amount the A-Player sends is tripled in value before the B-Player receives it.  The tripled amount (the amount sent X 3) will be presented on Screen 2, pictured below.
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Screen 2

Stage 2

In the game’s second stage, the B-player decides how much of the tripled amount received to send to each A-player. Thus, each B-Player will send 5 amounts (from 0 to the tripled amount received) to the 5 different A-Players.  The amount sent will always be in whole Lira.  

The B-Player’s Stage 2 decision will be entered on Screen 2, pictured above. 

(continued on next page)

Payoffs

In each round, each A-Player’s payoff will be the total of the 5 amounts that s/he retained and did not send to the B-Players plus the total of the 5 amounts sent from the B-Players.

In each round, each B-Player’s payoff will be the total of the 5 tripled amounts that s/he received minus the total of the 5 amounts s/he sent to each of the A-Players.

Following each round, each A-Player will receive the information presented on Screen 3, pictured below. 

[image: image3.png]Period

Remaining time [sec]

Farticipant B1 sent

Farticipant B2 sent

Farticipant B3 sent

Farticipant B4 sent

Farticipant B5 sent





Screen 3

Following each round, each B-Player will receive the information presented on Screen 4, pictured below.
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Screen 4

Completion of Rounds

After completing each round, the computer will proceed to the next round, which will be conducted identically to the last round.

Once all rounds have been completed each participant’s total payoffs will be displayed.  You will be paid your cumulative income at the completion of the session.

Figure 1

Hypotheses

[image: image5.emf]
Note that our hypotheses do not predict the placement of these lines.  Rather, they predict the slopes.  To the extent that a more complex environment created more opportunities for income, then the complex line could cross over or lie entirely above the simple line.  In our experimental setting, the more complex environment does not create greater opportunities for income.

Figure 2

Investor and Trustee Profits in Complex and Simple Exchange Conditions by Period

A: Average Per Period Investor Profits in Complex Exchange Settings
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B: Average Per Period Trustee Profits in Complex Exchange Settings
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C: Average Per Period Investor Profits in Simple Exchange Settings
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D: Average Per Period Trustee Profits in Simple Exchange Settings
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Table 1

Incidence of Recordkeeping Among Participants in Complex and Simple Settings

Panel A: Recordkeeping Done in Any of Ten Periods

	
	All Dyads
	All Participants
	Investors Only
	Trustees Only

	Complex Setting
	121 of 125

(97%)
	39 of 50

(78%)
	22 of 25

(88%)
	17 of 25

(68%)



	Simple Setting
	19 of 25

(76%)
	25 of 50

(50%)
	12 of 25

(48%)
	13 of 25

(52%)



	Bootstrap p-value on difference in frequencies
	.0009
	.0117
	.0006
	.0967




Panel B: Period When Recordkeeping Begins

	
	Period 1
	Periods 2-4
	Periods ≥ 5
	No Records Kept

	Complex 

Investors (n=25)
	17

(68%)
	2

(8%)
	3

(12%)
	3

(12%)

	Complex 

Trustees (n=25)
	10

(40%)
	6

(24%)
	1

(4%)
	8

(32%)

	
	
	
	
	

	Simple 

Investors (n=25)
	2

(8%)
	6

(24%)
	4

(16%)
	13

(52%)

	Simple 

Trustees (n=25)
	7

(28%)
	6

(24%)
	0

(0%)
	12

(48%)


Panel C: Character Counts on Participant Screens at End of Period 10

	
	Mean
	Median
	Std Dev

	Complex Investors (n=25)
	363.1
	276
	368.9

	Complex Trustees (n=25)
	314
	30
	681.7

	
	
	
	

	Simple Investors (n=25)
	96.7
	0
	219.0

	Simple Trustees (n=25)
	152.1
	60
	223.7


Table 2

Final Payouts by Dyad as a Percentage of Possible Payout

	
	Complex Settings
	Simple Settings

	
	With

Recordkeeping
	No Recordkeeping Possible
	With

Recordkeeping
	No Recordkeeping Possible

	# Dyads
	125
	125
	25
	25

	Mean
	71.0%
	66.6%
	68.7%
	68.4%

	Median
	69.3%
	66.0%
	68.0%
	68.0%

	# (%) = 100%
	15 (12%)
	3 (2.4%)
	3 (12%)
	3 (12%)

	Min
	34%
	33.3%
	34.0%
	34.7%

	Max
	100%
	100%
	100%
	100%

	Std Dev
	21.2%
	17.9%
	21.6%
	19.8%

	Bootstrap p-value on difference in means
	Difference in mean = 4.4%

p = .0387 one-tailed

based on 100,000 replications with bootstrapping
	Difference in mean = 0.3%

p = .3738 one-tailed

based on 100,000 replications with bootstrapping


Table 3

Incidence of Zero, Positive, and Maximum Investments and Incidence of Grinching in Complex Recordkeeping and Non-Recordkeeping Settings*

Panel A: Complex Recordkeeping Setting

	Period
	# Grinchings
	# Invest

= 0
	# Invest

> 0
	# Invest Max

(% of > 0)

	1
	10
	0
	125
	44 (35%)

	2
	7
	12
	113
	37 (33%)

	3
	11
	9
	116
	43 (37%)

	4
	1
	20
	105
	43 (41%)

	5
	5
	20
	105
	46 (44%)

	1 – 5 Total
	34
	61
	564
	213 (38%)

	
	
	
	
	

	6
	5
	26
	99
	46 (46%)

	7
	2
	28
	97
	42 (43%)

	8
	5
	33
	92
	46 (50%)

	9
	9
	35
	90
	41 (46%)

	10
	2
	46
	79
	42 (53%)

	6 – 10 Total
	23
	168
	457
	217 (47%)

	Grand Total
	57
	229
	1,021
	430 (42%)


Panel B: Complex Non-Recordkeeping Setting

	Period
	# Grinchings
	# Invest

= 0
	# Invest

> 0
	# Invest Max

(% of > 0)

	1
	13
	5
	120
	15 (13%)

	2
	7
	12
	113
	18 (16%)

	3
	3
	21
	104
	17 (16%)

	4
	10
	16
	109
	25 (23%)

	5
	10
	23
	102
	17 (17%)

	1 – 5 Total
	43
	77
	548
	92 (17%)

	
	
	
	
	

	6
	8
	19
	106
	22 (21%)

	7
	2
	23
	102
	23 (23%)

	8
	10
	27
	98
	25 (26%)

	9
	8
	33
	92
	22 (24%)

	10
	12
	29
	96
	26 (27%)

	6 – 10 Total
	40
	131
	494
	118 (24%)

	Grand Total
	83
	208
	1,042
	210 (20%)


*A Grinching is defined as occurring when a trustee sends back nothing after having been sent a positive amount.

Table 4

Pearson Correlations for Investments in Periods 10 and 5 with Past ROI’s:

Complex Recordkeeping and Complex Non-Recordkeeping Settings

A: Complex Recordkeeping Settings

	
	Period 10 Investment
	Period 5 Investment

	Lag
	ROI of Investor with Trustee
	Average

ROI of Investor with Other Trustees
	Average ROI of Other Investors with Other Trustees
	ROI of Investor with Trustee
	Average

ROI of Investor with Other Trustees
	Average ROI of Other Investors with Other Trustees

	-1
	.42
	-.07
	.04
	.32
	.33
	.18

	-2
	.51
	-.23
	.00
	.27
	-.27
	-.05

	-3
	.50
	-.26
	.03
	.25
	-.11
	-.05

	-4
	.29
	-.03
	-.05
	.33
	.35
	.17

	-5
	.32
	-.00
	-.10
	
	
	

	-6
	.22
	.11
	-.08
	
	
	

	-7
	.33
	-.15
	-.02
	
	
	

	-8
	.35
	-.05
	-.10
	
	
	

	-9
	.26
	.11
	-.08
	
	
	

	Mean
	.36
	-.06
	-.04
	.29
	.07
	.06


B: Complex Non-Recordkeeping Settings

	
	Period 10 Investment
	Period 5 Investment

	Lag
	ROI of Investor with Trustee
	  Average

ROI of Investor with Other Trustees
	Average ROI of Other Investors with Other Trustees
	ROI of Investor with Trustee
	  Average

ROI of Investor with Other Trustees
	Average ROI of Other Investors with Other Trustees

	-1
	.46
	.07
	.49
	.33
	.19
	.44

	-2
	.28
	.19
	.37
	.47
	.30
	.32

	-3
	.11
	.11
	.31
	.31
	.07
	.41

	-4
	.19
	.01
	.43
	.34
	.17
	.37

	-5
	.13
	.22
	.45
	
	
	

	-6
	.19
	.42
	.43
	
	
	

	-7
	.24
	.25
	.39
	
	
	

	-8
	.15
	.19
	.35
	
	
	

	-9
	.11
	.29
	.49
	
	
	

	Mean
	.21
	.19
	.41
	.36
	.18
	.39


� Yamey (1949, 1964) provides a critical historical appraisal of Sombart’s hypothesis.


� Specifically, Smith (1776, book I, chapter II, page 17) writes: “This division of labour, from which so many advantages are derived, is not originally the effect of any human wisdom, which foresees and intends that general opulence to which it gives occasion.  It is the necessary, though very slow and gradual, consequence of a certain propensity in human nature which has in view no such extensive utility; the propensity to truck, barter, and exchange one thing for another.”


� Evidence on Basu and Waymire’s predictions can also be gathered in the field.  Archaeological evidence suggests that formal economic recordkeeping is associated with the emergence of urban complexity and other exchange-supporting institutions, but these associations are often measured over intervals spanning a century or longer (Schmandt-Besserat 1996; Van de Mieroop 2004).  Ethnographic data can also be used to trace the association between recordkeeping and exchange across cultures and over time, but these data are often incomplete and imprecise, and correcting for contemporaneous cross-cultural spillovers is difficult.  In both these cases, a major limitation is that available data do not permit clear identification of causality between human memory constraints, the emergence of recordkeeping, and an individual’s willingness to trade with strangers. 


� The terms “investor” and “trustee” are not intended to suggest that our experiment applies only to settings where complex economic institutions like the modern corporation have already evolved.  We use these terms for purposes of describing our experiments, which are intended to capture the essence of economic exchange independent of modern economic institutions.


� Mechanisms to exclude non-cooperators also include methods for information sharing with third parties such as gossip (Barkow 1992).


� The basic argument is that most of the gains in network expansion that have produced large-scale cooperation have occurred in the past 10,000 years.  This time span is too short for changes produced solely through genetic evolution, although the culture can cause genetic changes by dramatically altering the fitness landscape defining how Darwinian natural selection plays (Richerson and Boyd 2005, 42-44).


� Other accounting scholars are also clear that formal economic records form the core of modern accounting systems (Hatfield 1924; Littleton 1953, 37; Demski 1993).


� These records include the Sumerian tokens used as early as 8,000 B.C. (Schmandt-Besserat 1996) as well as tally sticks and knotted strings used in both ancient and modern societies (Robert 1956; Keister 1963, 1964; Ifrah 2001, ch. 5 and 6).  Formal records were a primary source of evidence in ancient Mesopotamian legal disputes (VerSteeg 2000) and have been used extensively in American commercial disputes and other modern Western societies (Howard 1932; Shannon 1951). 


� In their initial experiment, Berg et al. (1995) report that the average amount invested (returned) was $5.16 ($4.66).  Five of 32 investors sent their full endowment of $10 and only two investors each sent $0 and $1. Of the 28 trustees that sent more than $1, 11 returned more than they were sent, sharing the gains from trade with investors.


� Because we measure the total gains extracted relative to the total possible gains from trade, we can make direct statements about the relation between recordkeeping and economic efficiency.


� Players in the multiple-dyad setting are forced by the program to send to all trading partners simultaneously, although there is no restriction on the order in which they decide amounts across partners.


� Our experimental design is similar in some regards to that used by Schwartz et al. (2000), who test whether cooperation in a one-shot Prisoner’s Dilemma is enhanced by disclosure of a participant’s past choices in playing the game with others.  Schwartz et al. required that their participants create records of the information they received about participants’ past choices.  Our distinguishing manipulations involve exchange complexity and the availability of a recordkeeping technology.  We use these manipulations because we seek to ascertain whether participants choose to use an available recordkeeping technology and whether that decision affects their ability to capture gains from trade in a complex exchange setting.


� We chose to analyze the quantitative data from the experimental play first for the conference paper.  We plan to investigate the strategy data, and possibly condition data analyses on these self-reported strategies in subsequent revisions of the paper.


� Pilot tests on undergraduate students at Emory University indicated that a 5 x 5 structure was sufficient to induce recordkeeping by at least some investors and trustees.


� Since each participant in the complex setting participates in five dyads each period, we set the conversion rate in the complex setting at one-fifth that of the simple setting.


� This pattern also holds for earlier periods in the game.  For example, the mean number of keystrokes at the end of period 5 equals 172.7 (160.7) for complex investors (trustees) and 34.8 (70.7) for simple investors (trustees).


� Visual inspection of participants’ records suggests other attributes worthy of future analysis.  Some participants create complete numerical records that are updated each period while others use qualitative mnemonics (e.g., “2 and 4 are cheap”).  In some cases it is apparent that the participant has shifted from use of a simple mnemonic to a more complete quantitative record during the experiment.  Finally, some keep complete records for a few periods and then add no new data, possibly because they have locked into particular strategies.  We plan to conduct more in-depth analyses of participants’ records in future drafts.


� The difference in the difference in means between the complex condition (4.4%, or 71% less 66.6%) and simple condition (0.3%, or 68.7% less 68.4%) is not statistically significant at conventional levels.  Thus, we do not find statistical evidence of an interaction effect between recordkeeping and complexity beyond the direct effect of recordkeeping within the complex setting.


� We expect that if participants were placed in more complex settings, the baseline gains from trade would be reduced considerably in a non-recordkeeping setting.  This would likely increase the potential differential in gains from trade between the recordkeeping and non-recordkeeping conditions (i.e. to considerably above 33.4%) and likely the realized differential between the two conditions (i.e. considerably above 4.4%).  Similarly, if we increased complexity on multiple dimensions instead of just one (number of partners), e.g. by randomized matching of partners or player roles, stochastic endowments and/or investment multipliers, etc., then again we would expect the incremental benefits of recordkeeping to increase considerably.


� In this sense, participants’ records can serve as reminders that affect their future actions (Bernheim and Thomadsen 2005).


� The term derives from the 1957 Dr. Seuss book How the Grinch Stole Christmas!  In this book, the Grinch is a fictional character that steals all the gifts under the Christmas trees leaving nothing behind for the locals in the town of Whoville.


� It is interesting to note that the complex recordkeeping condition shows a greater frequency of maximum investments in the first period of play (44 versus 15).  One interpretation of this finding is that investors perceive less risk when a recordkeeping technology is available and therefore approach the game with less caution that results in higher initial investments.  An additional issue is the path dependence associated with initial investments.  Clearly this is an issue that arises from the fact that emergence and development of exchange through time depends critically on the nature of economic institutions (North 1990, 2005).


� Consistent with recordkeeping facilitating discrimination by investors among trustees, the evidence in table 2 shows a larger standard deviation in the percentage dyad payouts in the complex recordkeeping condition (21.2%) compared to the complex non-recordkeeping condition (17.9%).  It is also the case that investors are more likely to make both more maximum and more zero investments in later periods.  The cross-sectional standard deviation and coefficient of variation for investor investment levels increases through time to a greater degree in the complex recordkeeping condition. The cross-sectional standard deviation (coefficient of variation) of investor investments in periods 1 and 10 are 3.35 and 4.39 (.55 and .91) in the complex recordkeeping condition compared to 3.06 and 3.82 (.57 and .80) in the complex non-recordkeeping condition.


� In future versions, we plan to extend these correlational analyses to the change in ROI and reciprocity (as measured by King-Casas et al. 2005) in the recordkeeping and non-recordkeeping conditions.


� The basic intuition here is that trustees (like investors) suffer memory decay without external records.  As a consequence, they will likely be more generous (stingy) when the past investments they have received are on average large (small).  Thus, when an investor (unknowingly) conditions his investment decision on the actions of other trustees that are external to the dyad he is presently evaluating, he is also implicitly (and unknowingly) conditioning his investment decision on the past investment decisions of other investors in seemingly remote dyads.


� Smith’s invisible hand metaphor refers to market phenomena that have unintended consequences, which in many cases can be favorable. The relevant quote from Smith (1776, book IV, ch. II, page 477) reads: “(E)very individual...generally, indeed, neither intends to promote the public interest, nor knows how much he is promoting it. By preferring the support of domestic to that of foreign industry he intends only his own security; and by directing that industry in such a manner as its produce may be of the greatest value, he intends only his own gain, and he is in this, as in many other cases, led by an invisible hand to promote an end which was no part of his intention.”


� Ultimately we hope that this research could be linked back to Ijiri (1975) directly to explore the adaptive function of historical cost accounting.  This could hopefully provide important insights on the adaptive properties of alternative measurement systems such as historical cost and fair value accounting. 





