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ABSTRACT 

Women earn less than men in technical fields. Competing theories 

have been offered to explain this disparity. Some argue that women 

underperform in negotiating their salary, in-part due to language in 

job descriptions, called gender triggers, which leave women feel-

ing disadvantaged in salary negotiations. Others point to structural 

and institutional bias: i.e., recruiters make better offers to men even 

when women exhibit equal negotiation skills. As a final salary is 

co-constructed though an interaction between employees and re-

cruiters, it is difficult to disentangle these views. Here, we discuss 

how intelligent virtual agents serve as powerful methodological 

tools that lend new insight into this psychological debate. We use 

virtual negotiators to examine the impact of gender triggers on 

computer science (CS) undergraduates that engaged in a simulated 

salary negotiation with an automated recruiter. We find that, re-

gardless of gender, CS students are reluctant to negotiate, and this 

hesitancy likely lowers their starting salary. Even when they nego-

tiate, students show little skill in discovering tradeoffs that could 

enhance their salary, highlighting the need for negotiation training 

in technical fields. Most importantly, we find little evidence that 

gender triggers impact women’s negotiated outcomes, at least 

within the field of CS. We argue that findings that emphasize 

women’s individual deficits may reflect a lack of experimental con-

trol, which intelligent agents can help correct, and that structural 

and institutional explanations of inequity deserve greater attention. 

KEYWORDS 

Negotiation, gender, bias, methodological tools 

1 Introduction 

Those that ask will receive: Starting salaries have a strong im-

pact on career earnings and even small initial differences can com-

pound into substantial differences over time. Yet many people ac-

cept the first salary they are offered. A 2016 survey by Glassdoor 

(one of the world’s largest recruiting sites) found that 60% of new 

hires failed to negotiate [1] and a 2019 Swedish national survey 

found equivalent numbers [2]. This failure to negotiate has conse-

quences: candidates that engage in negotiation achieve higher sal-

aries, particularly when they engaged in open discussions of 

tradeoffs across different elements of their compensation package 

[3]. These disparities are concerning as negotiation success varies 

systematically by discipline and demographics. For example, a re-

cent Academy of Sciences report suggests that student in science, 

technology, engineering and mathematics (STEM) are especially 

underprepared to negotiate successfully [4, p. 2] and numerous 

studies document women’s inability to obtain equitable salaries [2, 

5, 6]. Understanding the reasons behind these disparities can inform 

interventions for addressing structural inequities across our society 

and maximizing the inclusion of underrepresented groups CS. 

Research on negotiation disparity focuses on either negotia-

tion inputs or processes. Inputs are information and dispositions 

that might influence candidates in advance of a negotiation. For ex-

ample, text analysis of job postings shows they use language that 

can put women on the defensive [7]. Women may also bring differ-

ent goals to the negotiation, such as greater willingness to accept a 

low salary in exchange for job security or flexibility [8]. Processes, 

in contrast, refer to actions parties initiate during a negotiation. For 

example, women may face more aggressive opening offers and 

greater use of deception by their counterparts [9]. In this paper, we 

explore the potential for intelligent agents to yield insights into the 

relationship between negotiation inputs and processes. 

Existing research into negotiation processes has adopted one 

of two experimental methods (dyadic or scripted), each with its 

own methodological limitations. We argue that intelligent agents 

offer a third methodological approach that complements the weak-

nesses of existing methods. In the dyadic approach, two partici-

pants negotiate with each other (one playing the role of a hiring 
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manager and the other playing the role of the prospective em-

ployee). Dyadic studies have found, for example, that women ne-

gotiate lower salaries than men when job qualifications are de-

scribed in stereotypically male ways [10, 11]. The advantage of the 

dyadic approach is it allows for a rich and natural give-and-take 

between participants (analogous to what they would face in a real 

salary negotiation) and facilitates the study of emergent processes 

such as information exchange and value-creation [12]. The disad-

vantage is the difficulty in attributing causality to poor outcomes. 

Do women perform badly because they are poor negotiators or do 

they perform poorly because their partners treat them differently 

than men [9]? 

To address causality, the scripted approach replaces the hiring 

manager with a completely deterministic computer program that 

makes the identical sequence of statements and concessions, re-

gardless of the participant’s gender or behavior [e.g., 13]. This en-

sures the hiring manager is truly blind to the participant’s gender 

and other characteristics (thus any differences can be safely at-

tributed to the employee).  However, this increase in experimental 

control comes at a great cost. One of the hallmarks of strong nego-

tiators is the ability to mutually adapt to one’s partner: to under-

stand their opponent’s interests, communicate their own, and guide 

the negotiation towards win-win tradeoffs [3, 12]. Such interactive 

processes and value-creation are precluded by deterministic scripts. 

Intelligent negotiation agents offer a way to merge the 

strengths of these two methodological approaches while avoiding 

their chief limitations. Research on automated negotiation agents 

has yielded interactive systems that implement the processes that 

underlie successful negotiations [14]. For example, agents are able 

to form accurate models of their opponent’s goals, discover oppor-

tunities for tradeoffs and propose efficient solutions [15]. A recent 

focus has been to create agents that can negotiate with human users 

[16-18] and even model human-like psychological processes. For 

example, algorithms can simulate or even exploit common negoti-

ation biases such as the fixed-pie bias [19] – a tendency to assume 

your opponent holds the same preferences as you – or the anchoring 

bias [20] – a tendency to be influenced by your opponent’s opening 

offer [e.g., see 21]. In this paper, we argue human-like agents real-

ize the strength of the previous two approaches while overcoming 

their limitations. Like the dyadic approach, they support the study 

of interactive processes while also providing strong experimental 

control. Like the scripted approach, they allow for strong experi-

mental control over the factors that might shape outcomes but also 

enable a level of dynamism that allows the agent to adapt its re-

sponses to the user’s actions without succumbing to human bias. 

 In this paper, we use intelligent agents to explore how nego-

tiation inputs – “gender triggers” [22] and gender-differences in ne-

gotiation goals [8] – impact the negotiation behavior of CS stu-

dents. Gender triggers are descriptions about a potential job that 

appear to trigger gender-divergent behaviors. These include terms 

that activate gender stereotypes [10] or suggest hostility towards 

women in the workplace (such as stories or reviews suggesting gen-

der discrimination is rampant).  

We bring two novel contributions to this problem. To our 

knowledge, this is the first work examining gender-bias in negoti-

ation with agent-based technology. It is perhaps the first work to 

examine salary negotiation processes in the context of undergradu-

ate CS majors (prior literature has focused almost entirely on busi-

ness students). Our study adds to the nascent literature on using vir-

tual agents as psychological tools [23, 24] but also highlights ad-

vances needed in the field of autonomous agents to fully realize the 

potential of such methods. The next section describes the idea of 

gender triggers and how they can be manipulated. We then describe 

the agent-based technology used in this study, before presenting the 

experiment and discussion. 

2 Gender Triggers and Goals 

Research on gender in negotiation often accepts the premise 

that women exhibit poorer salary negotiation skills, but some re-

search attempts to qualify this tendency. Rather than claiming that 

women are less skilled in general, this work highlights specific sit-

uations where negotiation behavior diverges. Bowles and col-

leagues introduced the term “gender triggers” for the situational 

factors that elicit gender-related differences in how people negoti-

ate [22]. The most commonly studied trigger is stereotype threat 

[25]. This is the phenomena that women’s performance suffers 

when a job is described as requiring stereotypically male traits (e.g., 

requires “strong bias for achievement and confidence when facing 

risks”) but the gender gap can be reversed when the job is described 

as requiring stereotypically female traits [e.g., requires “good 

listening skills and good intuition in understanding others, 26].  

Figure 1 illustrates a common way to manipulate stereotype 

threat, which we adopt in the present study. Following Shantz [25] 

and Bem’s Sex Role Inventory [27], we manipulate stereotype 

threat by adding language to the description of the job participants 

are negotiating about. Jobs included a “Required Characteristics” 

section containing five statements crafted to be either female-

threatening or female-supportive. Female-threatening job descrip-

tions included statements that candidates should “be the technical 

authority in your team”, “drive your team toward perfection” and 

 
Figure 1: Job description (partial) showing female-threatening 

required characteristics 
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show “confidence working on large applications” whereas female-

supportive jobs stated that candidates should “be an asset to your 

team”, “encourage your team to achieve excellence” and show 

“readiness to collaborate on large applications.”  

Most research on stereotype threat has utilized business stu-

dents, where ideal candidates are described as confident, aggressive 

and self-interested, but stereotypes may play out differently in CS, 

where teamwork is often emphasized. Thus, we also explore a sec-

ond potential gender trigger: gender-based hostility in the work-

place [28]. Prospective applications often discover a company’s 

culture through reviews at job recruiting sites such as Glassdoor.  

To manipulate the perceived hostility or openness of a company, 

we used actual quotes from Glassdoor about real technology com-

panies’ work environments. For example, female-threatening jobs 

included reviews stating “sexism is prevalent”, “women have a 

tough time getting ahead.” For female-supportive jobs, we modi-

fied these lines to reverse the impressions: “sexism is not an issue”, 

and “women have opportunities to get ahead.” 

Although gender triggers comprise one input to a negotiation, 

salary disparity could simply reflect different goals of female ver-

sus male negotiators. Some research argues that women’s skills are 

judged unfairly by being compared with metrics developed by 

largely-male negotiation researchers. Instead, women may simply 

be trying to achieve other sources of value besides salary. For ex-

ample, as a group, women tend to be more risk-averse [8] and make 

greater use of vacation time [29]. Unfortunately, most laboratory 

studies do not provide an opportunity to examine negotiators’ 

goals. A typical study might use a standard job negotiation exercise, 

such as New Recruit [30]. In this exercise, each side is provided a 

number of issues (salary, vacation, etc.) and a fixed payoff table on 

the points they can earn based on what they negotiate for each issue.  

To examine gender differences in negotiator goals, we adapt 

the standard New Recruit case to include compensation elements 

that men and women have been shown to value differently in prior 

studies. Specifically, stock options and bonuses are seen as riskier 

issues to which women would presumably assign less value 

whereas vacation days should be more valued by women, at least 

according to this prior research. Rather than assigning fixed value 

to these issues, however, we allow participants to assign their own 

priorities to these issues to assess if these hypothesized differences 

are truly present in CS students. 

3 Salary Negotiation Exercise 

Negotiation Structure: The prospective employee (the par-

ticipant) and a hiring manger (the agent) negotiate over salary, bo-

nus, stock options and vacation. Each issue has 10 discrete levels 

(see Figure 2). Players bid by specifying a level for each issue. 

There are 104 possible negotiated agreements.  

Following New Recruit, participants are provided an explicit 

payoff function that defines the value of deals as a linear utility 

function based on the weight they assign to each issue in isolation: 

their outcome, u(ω), depends on the level they obtain in issue i, li, 

multiplied by the weight associated with that issue: 

𝑢(𝜔) = ∑ 𝑤𝑖 ∙ 𝑙𝑖
𝑛
𝑖=1           (1) 

Different negotiations arise depending on the pattern of these 

weights. If each party weights issues the same, the negotiation is 

zero-sum (oft called “fixed-pie”). When opponents hold different 

weights, there are opportunities to create “win-win” deals by trad-

ing-off across issues (e.g. accepting less salary for more vacation). 

These opportunities are referred to as integrative potential. As these 

weights are typically private, discovering the opponent’s prefer-

ences is necessary to realize this integrative potential. Negotiations 

can also be impacted by the general shape of the utility function 

(e.g., if it is linear), a point we return to in the discussion.  

Unfortunately, human negotiators often fail to realize integra-

tive potential. Many simply accept the first offer. When they do 

negotiate, many fail to realize their counterpart holds different pref-

erences (i.e. they have a “fixed-pie bias” [19], meaning they assume 

the negotiation is zero-sum). They also fail to exchange information 

or miss what information has been shared [12]. Even when they 

understand their opponent’s perspective they may fail to exploit 

this understanding. For example, they may fail to appreciate the 

importance of trading concessions to realize win-win solutions. 

 
Figure 2: The negotiation interface used in this study. People 

can exchange offers (highlighted in red), or exchange infor-

mation about preferences over issues (highlighted in yellow).  

 

 
Figure 3: An example dialog involving information exchange.  
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IAGO Negotiation Agent: To simulate how a recruiter might 

approach this task, we adopt the publicly-available IAGO negotia-

tion framework that serves as the platform for the  annual human-

agent negotiation competitions at the IJCAI conference [18, see 

Figure 2]. IAGO supports online negotiation with human partici-

pants. Participants exchange offers through sliders. Using menus, 

participants can assert they prefer stocks over salary, or ask the hir-

ing manager about their relative preferences. Participants can ex-

press an emotional attitude towards the negotiation through emojis, 

or send canned statements such as “I expect to be compensated bet-

ter” or “We should consider each other’s interests.” 

For this experiment, we adapt the default Pinocchio agent pro-

vided with the IAGO framework [see 31 for details]. The model 

attempts to model how people commonly negotiate, including two 

tendencies that make it hard for negotiators find win-win-solutions. 

First, the agent incorporates a “fixed-pie” bias (it assumes a zero-

sum orientation to the negotiation). Specifically, it tries to make 

offers on the Pareto frontier by estimating the human participant’s 

preferences from their preference assertions (e.g., see Figure 3), but 

this estimate is biased using a fixed-pie prior (i.e., absent infor-

mation to the contrary, the agent assumes the participant ranks is-

sues the same way as the agent). Second, the agent is reluctant to 

exchange preference information. The agent responds truthfully to 

the participant’s preference requests but does not actively volunteer 

this information unless the participant shares first, in which case, it 

reciprocates each preference revealed. Together, these properties 

mean that students will fail to find a win-win solution unless they 

explore the recruiters underlying preferences. 

We altered IAGO’s text messages to better match the language 

used in actual salary negotiations. We made one minor adaptation 

to offer behavior to better align the agent with human performance. 

Pinocchio aims to be fair by default, always making offers that 

match the estimated Nash Bargaining Solution [32]. We adjusted 

this offer behavior to incorporate the aforementioned anchoring 

bias into the system. As in typical salary negotiations, the agent 

makes the first offer and tries to induce an anchoring bias in the 

participant by making a strong initial offer (1,1,1,1). But the agent 

was also made susceptible to anchoring. Whereas Pinocchio always 

attempts to offer 50% of the pie, the revised agent initially tries to 

claim 60% of the pie but this shifts to as low as 40% depending on 

the strength of the opponent’s initial offer. 

Job Negotiation Task 

Participants were told to imagine they were offered a job and 

must negotiate their final package. They were provided a cover let-

ter and background materials based on actual job descriptions (see 

Figure 1). They received background research summarizing the 

typical salary range for this type of job (and gender triggers that 

vary with experimental condition). Participants had the opportunity 

to negotiate over salary, bonus, stocks and vacation. Background 

materials specified the expected range for this type of job (includ-

ing historical data stating that salaries range from $70-$120K). 

Each participant was asked to express their own priorities over 

the issues in the negotiation. They assigned weights to issues by 

distributing 11 discrete points across the four issues (with the un-

derstanding that the value of their package is determined by Equa-

tion 1). For example, a participant might assign nine points to salary 

and two points to vacation if they strongly preferred salary over 

stocks and bonuses. The agent always held the same preferences 

(as would be expected with any given company). The agent as-

signed 5 to salary, 3 to vacation, 2 to bonuses and 1 to stock. Par-

ticipants had ten minutes to complete the negotiation. If they failed 

to reach agreement, each side received six points. 

4 Experiment 

We performed an IRB-approved experiment to assess the po-

tential of negotiation agents to give insight into the behavior of CS 

undergraduates in salary negotiations. Specifically, we examined 

(1) student’s willingness and skill at negotiating (2) if gender trig-

gers explained differences in negotiation processes and outcomes, 

and (3) if these differences could be explained by gender-specific 

preferences (e.g., are women risk averse). 

Participants: A panel of 440 U.S. undergraduate CS students 

(308 male) were recruited for this experiment through Qualtrics’ 

panel services. Two declined to report their gender and were ex-

cluded from analyses. The strong male-skew (70%) matches the 

gender imbalance in CS [33]. They were paid for their participation 

and, further, performance was incentivized with entries into five 

$25 USD lotteries, one entry for each point earned in the negotia-

tion (based on their stated preferences and Equation 1). 

Design, Procedure and Measures: We employed a 2 (Gen-

der: male vs. female) × 2 (Threat: female-threatening vs. female-

supportive) × 2 (Manipulation type: Required characteristic vs. 

Glassdoor comments) between-subjects design. After consenting 

and completing demographic questions, they were then told to im-

agine that they were offered a job as a software engineer at a ficti-

tious tech company. Everyone read the same job description but 

additional language was added to manipulate threat in a female-

supportive or female-threatening manner. As described above, 

threat was manipulated either by a section describing “Required 

Characteristics” or by a section that included Glassdoor Reviews. 

To measure the effectiveness of the threat manipulation, par-

ticipants next completed a manipulation check by rating the mas-

culinity of the job using 3 items ("...reflects masculine characteris-

tics," "men would have an easier time...," "there would be chal-

lenges...as a woman") on a scale from 1 (strongly disagree) to 7 

(strongly agree). To rule out whether the threat manipulation im-

pacted the perceived job quality, they also rated the status of the 

job using 3 items ("...is a high-status position," "...impressive on a 

resume," "...people...consider this an attractive opportunity") on a 

scale from 1 (strongly disagree) to 7 (strongly agree). 

Before negotiating, participants reported the minimum salary 

that they would be willing to accept (minimally acceptable salary). 

To measure what issues participants valued, they were asked to pri-

oritize the relative importance of salary, bonus, stock options, and 

vacation time by assigning points to each issue (out of eleven total). 

Participants then engaged in the negotiation with the virtual 

agent. The interface allowed the user to: accept or reject the agent’s 
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offer(s), make offers themselves, as well as send pre-programed re-

sponses and emojis (happy, sad, angry, surprised, neutral). Counts 

of each of these responses were tracked and served as dependent 

variables. We focus on: accepting the agents offer (vs. making of-

fer(s) themselves) and the number of times each emoji was used 

In addition to the pattern of offers, the final outcome for par-

ticipants and the agent, as well as joint points, were derived using 

Equation 1.  Two measures were derived from joint points. Maxi-

mum possible integrative potential was calculated by finding the 

maximum joint points of any deal that could be reached between a 

given participant and the agent (using the participant’s stated 

points); Realized integrative potential was measured by the joint 

points obtained compared to the maximum joint points possible.  

Finally, individual differences in motivation were also meas-

ured. Specifically, participants rated themselves on 4 items for each 

type of motivation using a scale from 1 (not at all) to 7 (to a great 

extent). For achievement motivation, they rated to what extent they 

would 1) get their work tasks done, and 2) get them done well, 3) 

get a lot of work accomplished, and 4) finish their work in this job. 

For communal motivation, they rated to what extent they would 1) 

get along with coworkers, 2) be a team player, 3) be liked by 

coworkers, and 4) build relationships in this job. 

5 Results 

Manipulation Check: The manipulation was successful; partici-

pants in the female-threatening condition reported that the position 

was significantly more masculine (M = 4.89, SE = 0.12) than those 

in the female-supportive condition (M = 4.21, SE = 0.11; F(1, 430) 

= 18.66, p < .001). The manipulation type also affected the percep-

tion of masculinity such that participants in the Glassdoor com-

ments condition reported that the position was significantly more 

masculine (M = 4.72, SE = 0.11) than those in the Required Char-

acteristics condition (M = 4.38, SE = 0.11; F(1, 430) = 4.59, p = 

.03. Moreover, there was a significant interaction such that these 

effects were driven by the female-threatening Glassdoor comments 

condition (M = 5.27, SE = 0.16; F(1, 430) = 6.70, p = .01), which 

was perceived the most masculine, followed by female-threatening 

Characteristics condition (M = 4.52, SE = 0.17); ratings in the fe-

male-supportive conditions were lower and comparable to each 

other (M = 4.17, SE = 0.16 vs M = 4.24, SE = 0.15, respectively). 

Although it was only a trend (F(1, 430) = 2.60, p = .11), the effect 

of the manipulation was slightly stronger for female participants (M 

= 4.05 vs. M = 4.99) than male participants (M = 4.37 vs. M = 4.79). 

All other effects failed to approach significance (Fs < 1.3, ps > .26). 
The gender-trigger manipulation did not impact the perceived 

desirability of the job. The job was uniformly seen as having high 

status (M = 5.90, SD = 1.00, on scale from 1 to 7). All effects for 

perceived status failed to reach significance (Fs < 2.9, ps > .09). 

In summary, we successfully manipulated threat but, for CS 

students, this was most effectively achieved through the Glassdoor 

reviews rather than Required Characteristics. As intended, this ma-

nipulation did not make jobs seem more or less desirable. As we 

did see a main-effect of threat regardless of how it was conveyed, 

the remainder of the paper will focus on the impact of gender and 

threat (ignoring if threat was conveyed through Glassdoor com-

ments or Required Characteristics). 

Minimally Acceptable Salary: Participants’ minimum acceptable 

salary fell near the bottom of the stated salary range for this job 

(which was $70K). There was a borderline significant interaction 

(F(1, 414) = 3.81, p = .052) showing that women’s bottom line was 

influenced by threat. As can be seen in Figure 4, while men did not 

significantly differ across threat conditions (t(418) = -0.88, p = .38), 

women marginally raised their bottom line when the job was de-

scribed in a female-supportive way (t(418) = 1.87, p = .06). All 

other effects failed to reach significance (Fs < 1.6, ps > .21). 
In summary, consistent with prior research on business stu-

dents, women were particularly impacted by gender triggers. When 

jobs advertisements contained female-threatening language, 

women lowered their salary minimums compared to when jobs 

were described in a female-supportive way, whereas men were un-

affected. 

Willingness to Negotiate: If women have lower aspirations, 

they may feel less motivation to negotiate and simply accept the 

first offer. To examine this, we created a dichotomous variable dis-

tinguishing participants that accepted the agent’s first offer versus 

those who made at least one offer to the agent. Overall, 43% did 

not negotiate. However, willingness to negotiate was unaffected by 

gender or threat (χ2s < 0.58, ps > .44); e.g., women were not less 

likely to counter the first offer (54%) compared to men (56%).  

 
Figure 4: Minimally acceptable salary (USD) as reported be-

fore the negotiation began.  
 

 
Figure 5: Final negotiated salary (USD) for those willing to ne-

gotiate versus those simply accepting the first offer. 
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Motivations did influence willingness to negotiate. Negotia-

tors with higher achievement motivation were significantly more 

likely to make at least one offer (vs. none at all; B = .23, Wald(1) 

= 5.10, p = .02), though communal motivations had no effect (B = 

.02, Wald(1) = 0.05, p = .82). 

In summary, there was no evidence that gender triggers lead 

women to be more reluctant to negotiate their salary. 

Final Negotiated Salary: To examine the outcome of the ne-

gotiation, we excluded 13 participants that failed to reach agree-

ment in the negotiation (neither men nor women were more likely 

to fail to reach an agreement). We find that final outcome was not 

significantly influenced by gender or threat (Fs < 1.01, ps > .31).  

Final salary was strongly impacted by willingness to negoti-

ate: participants who made at least one offer did significantly better 

in terms of overall points (M = 25.13, SE = 0.79) than those who 

just accepted the agent’s first offer (M = 11.29, SE = 0.25; t(419) = 

-14.76, p < .001) and final salary (see Figure 5): participants who 

made at least one offer received a significantly higher salary (M = 

$92,946, SE = 1106.44) than those who just accepted the agent’s 

first offer (M = $80,000, SE = 0.00; t(419) = -10.11, p < .001).  

Note, regardless of willingness to negotiate, the vast majority 

(85.5%) achieved a salary that exceeded their minimally-accepta-

ble salary. There was no significant difference, based on gender or 

threat, in the proportion of participants that settled for a salary be-

low their stated bottom line. 

In summary, in contrast to prior work [e.g., 2], there were no 

gender differences in in the salary obtained, nor an impact of gender 

triggers. Rather, salary was determined by participants willingness 

to counter the hiring manager’s initial offer (which was also unaf-

fected by gender or threat). Those that did negotiate obtained 

$13,000 USD more per year (a difference roughly comparable with 

what has been previously reported). 

Integrative Potential: Although we did not see differences in 

outcome by gender or gender triggers, it is possible that differences 

could emerge when we control for the goals people bring to the 

negotiation. If men and women systematically weight issues differ-

ently, they might face quite different integrative potential. 

Participants expressed a wide range of priorities and this led 

to a wide distribution of possible joint outcomes, and priorities dif-

fered by gender. Women valued stock options significantly less (M 

= 1.70, SE = 0.12) than men (M = 1.99, SE = 0.08; F(1, 430) = 4.55, 

p = .03). This is consistent with the existing literature which sug-

gests that women are less tolerant of risk. All other effects failed to 

reach significance (Fs < 0.8, ps > .13).  

Gender-differences in preferences did not, however, alter the 

distribution of points that participants had the potential to receive. 

To examine this, we again excluded the participants that failed to 

reach agreement in the negotiation (n = 13), and then examined the 

effect of condition on maximum integrative potential. Men and 

women showed no significant differences. All other effects failed 

to reach significance (Fs < 1.8, ps > .18). 

In summary, CS undergraduates brought varying preferences 

to the negotiation. Women valued stocks less than men, but this 

gender difference did not substantially shift the space of possible 

deals that could be reached given the agent’s preferences.  

Realizing Integrative Potential: Participants often failed to 

realize the integrative potential available to them. Overall, partici-

pants realized 80% of the possible joint value (they left 20% of the 

value sitting on the table) as measured by the joint points obtained 

compared to the maximum joint points possible. Participants did 

worse on tasks with greater integrative potential: maximum inte-

grative potential was negatively correlated with percent of this ob-

tained, r(N=409) = -.90, p < .001.  

There were no gender differences in the ability to realize inte-

grative potential. The difference between women and men in per-

cent of integrative potential obtained failed to reach significance (1, 

417) = 1.76, p = .19). All other effects failed to reach significance 

for realizing integrative potential (Fs < 2.0, ps > .16). 

We also tested whether individual differences in motivation 

predicted realizing integrative potential. There was no significant 

relationship between communal motivations and ability to realize 

integrative potential (r(N=408) = -.01, p = .81). Nor was there was 

a significant relationship between achievement motivations and re-

alizing integrative potential (r(N=409) = .08, p = .11). 

In summary, CS undergraduates failed to realize the integra-

tive potential in their negotiations. However, this effect was not in-

fluenced by gender, gender triggers or motivation. 

Emoji Use: Emotional expressions are sometimes an indicator 

of people’s attitudes towards a negotiation or their partner. Overall, 

happy emojis were most commonly used (M = 1.45, SE = 0.20) and 

negative expressions – angry (M = 0.11, SE =0.03) and sad (M = 

0.17, SE = 0.03) – were rare. Neutral emoji were the second most 

common emotional signal (M = 0.70, SE = 0.07). Prior work sug-

gests neutral expression are interpreted as negative signals [34].  

There were gender differences in what emojis participants 

used. Women used sad emojis significantly less (M = 0.06, SE = 

0.05) than men (M = 0.21, SE = 0.03; F(1, 430) = 5.34, p = .02). 

For use of neutral emojis, there was a significant interaction (F(1, 

430) = 4.91, p = .03) showing that each gender used more neutral 

emojis when their specific gender was threatened. Men tended to 

use more neutral emojis in the female-supportive condition than in 

the female-threatening condition (t(434) = -1.54, p = .13). For 

women the pattern was reversed. Women tended to use more neu-

tral emojis in the female-threatening condition than in the female-

supportive condition (t(434) = 1.83, p = .07). 

In summary, CS undergraduates generally signaled positive 

emotions during the negotiation. However, their use of neutral 

emotions suggests less satisfaction when the job description was 

less supportive of their gender. 

6 Discussion and Next Steps 

This experiment explored the potential for agent-based tech-

nology to give insights into issues impacting the underrepresenta-

tion of women in STEM. We used a gender-blind automated nego-

tiation agent to examine the salary negotiation behavior CS under-

graduates, particularly with regard to how gender bias might shape 

outcomes. Prior findings suggest that women will fare poorly when 

the job description contains gender triggers (such as the work envi-

ronment is hostile to women). Our results partially support these 
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findings but failed to find evidence that women’s negotiation be-

havior, in and of itself, leads to lower salaries.  

As expected from prior work, gender triggers did impact 

women’s salary expectations. Women set lower minimum salary 

expectations when the job description suggested a more threatening 

environment, whereas men were unaffected. Yet these initial ex-

pectations failed to impact the process by which they negotiated or 

final outcomes. Women and men negotiated equivalent salaries (if 

they negotiated at all), and women and men showed equal procliv-

ity for negotiating, regardless of threat.  

Some research has suggested that disparities in women’s out-

comes may reflect different goals and we did find support for this. 

Women were more risk-averse – they assigned less value to stock 

options – but this did not systematically shape outcomes in our 

study. It should be noted that the potential for individual and joint 

games will depend on the preferences each party holds. In our ex-

periment, the hiring manager’s preferences were fixed but partici-

pants’ preferences varied. In that women’s preferences differed 

from men’s, it should be possible to devise a set of preferences for 

the hiring manager that would systematically alter the space of pos-

sible deals in ways that might benefit either men or women. Future 

work should explore this possibility. 

Overall, CS students were poor negotiators. Almost half 

simply accepted hiring manager’s first offer, replicating recent sur-

vey findings [1, 2]. When they negotiated, students were poor at 

discovering win-win solutions. This reinforces recommendations 

by the National Academy that STEM fields are lacking in important 

interpersonal skills such as negotiation. 

We have argued that negotiation agents eliminate some im-

portant weakness in the scripted agents used in negotiation re-

search, but some limitations qualify our results and readers should 

take caution in extrapolating these findings to real-world salary ne-

gotiations. Characteristics of the IAGO agent might serve to mini-

mize gender differences. Assuming a linear utility function (Eq. 1) 

may mismatch participants true preferences, though this assump-

tion shared by most prior psychological studies on gender and ne-

gotiation.  Participants may have felt less threat because they were 

negotiating with a computer program. For example, prior agent re-

search suggests that threat perceptions are reduced when people in-

teract with computer agents, compared with human-human interac-

tion [35]. Prior research also suggests that gender differences are 

smaller when the structure of the negotiation task is more explicit 

[22]. By explicitly listing the set of issues under negotiation and 

their allowable range, IAGO reduces the structural ambiguity, per-

haps minimizing gender differences. Our use of an explicit manip-

ulation check before the negotiation, though it helped ensure our 

manipulation was effective, could have enhanced the salience of 

gender effects. 

Of course, outcomes were also influenced by the agent’s ne-

gotiation behavior or even the mere fact that it was an agent [36]. 

Although the agent incorporates human-like elements, gender dif-

ferences could emerge if the agent used different negotiation tactics 

or adopted more realistic assumptions about participants’ utility 

[37, 38].  Further studies must also verify the robustness of these 

findings with respect to elements of agent design, and if these find-

ings translate to interactions with human negotiators.  

More broadly, the present study follows the common practice 

in the negotiation literature of focusing on economic outcomes and 

stylized economic games that strip out face-to-face communication 

in service of experimental control. However, this approach can 

overlook important strengths that underrepresented groups bring to 

the negotiation process. For instance, research suggests that women 

place greater emphasis than men on creating relational capital and 

that this can result in economic benefits that are not captured by 

traditional measures of negotiation success [39]. To enhance the 

methodological value of agent-based approaches, more research is 

needed into natural language interfaces [16, 40], rapport [41], and 

behavioral (rather than classical) economic models of decision-

making that incorporate the role of emotions, fairness and non-

monetary sources of value. 

The current study examined differences in women’s negotia-

tion behavior, but negotiation research highlights that salary dispar-

ities reflect bias in hiring managers. For example, female negotia-

tors face systemic bias:  they are perceived as less competent then 

men, regardless of skill [42], and this results in their receiving more 

aggressive opening offers and a greater use of deception by their 

counterparts, especially when they adopt an assertive negotiation 

style [9]. This research suggests that even if women adopt the same 

negotiation tactics as men, they will be perceived very differently 

and have different consequences for outcomes. An obvious next 

study would be to reverse the situation, have participants play the 

role of hiring managers, and examine the impact of employee gen-

der on their behavior.   

In conclusion, this study highlights the potential for agent-

based technology to yield insights into and important societal prob-

lem, namely gender-bias in salary negotiations. Our approach pro-

vides little support for the idea that women’s negotiation ability is 

undermined by gender threat (claims that have been made and have 

been widely-accepted in the gender and negotiation literature). This 

lack of support, furthermore, can be observed despite our ability to 

manipulate both gender and threat quite effectively. And though 

one might choose to dwell on how this new methodology might be 

tweaked to increase the chances of finding gender effects, the re-

sults also provide the basis for a more troubling question about the 

gender-related findings in the negotiation literature. If it is so diffi-

cult to uncover meaningful gender differences in a study that main-

tains experimental control while also increasing realism, and pro-

vides so many opportunities for these kinds of gender differences 

to emerge (e.g., in response to triggers, based on differences in pref-

erences, and differences in motivations), then are the experimental 

findings from prior studies the result of such experiments being de-

signed to uncover gender differences researchers were hoping to 

find? Are such gender differences simply less robust in settings be-

yond those that are specifically tailored to make a case for such 

effects? And if robust gender differences in negotiation do exist in 

more naturalistic settings, then perhaps these researchers need to 

look beyond individual dispositions and skills to the role of social 

structures and institutions (cf. [43]). 
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