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Abstract


Considerable effort has been expended in identifying characteristics and processes that increase or hinder decision making effectiveness.  One such factor, interruptions, has been widely identified as an integral characteristic of a typical work environment.  Yet, very little research has been conducted to understand the influence of interruptions on decision making processes and effectiveness.  To address this, the results of two experiments are reported.  The first experiment examined the influence of interruptions on decision making performance when addressing simple and complex tasks.  Interruptions were found to increase the speed of task completion when addressing a simple task and to decrease both the speed and decision performance when addressing a complex task.  The second experiment examined specific characteristics of interruptions -- interruption frequency and content -- on decision making performance when addressing complex tasks.  Increased interruption frequency was found to decrease both decision speed and performance.  Additionally, interruptions similar in content to the primary task led to decreased decision speed over treatments with interruptions that differed in content from the primary task.

 The Influence of Task Interruptions on Individual Decision Making

Researchers have become increasingly interested in examining factors that influence decision making processes and effectiveness.  Although much still remains unknown, what is clear from this past research is that numerous factors have the potential to influence both task processing and effectiveness (DeSanctis, 1984; Kotterman, Davis & Remus 1994; Mackay & Elam, 1992; Oldham, Kulik & Stepina, 1991).  In addition to examining individual characteristics such as personality or cognitive ability, gaining an understanding of the influence of environmental factors is also essential to improving knowledge-worker efficiency (Kelley, 1985; Eierman, Niederman & Adams, 1995).  

The typical managerial work environment, for example, has been depicted as consisting of fragmented activities that occur at an unrelenting pace (Mintzberg, 1973) and as a stream of disjointed activities and interruptions throughout the work day (Carlson, 1951; Guest, 1956; Stewart, 1967).   Telephone interruptions and drop-in visitors, for example, have been identified as significant corporate time wasters (Dahms, 1988) that often take precedence over other activities (Jones & McLeod, 1986).  In short, interruptions are widely prevalent in the typical managerial work environment.

Just as interruptions are prevalent in organizations, it is intuitive to believe that interruptions would have deleterious effects on individual decision making because interruptions force decision makers to ration their cognitive resources across more than one task.  Additionally, interruptions influence the duration of time needed to accomplish a task, the way tasks are performed (March, 1994), and the manner in which information is used (Baron, 1986).  Ultimately, these changes can affect performance, resulting in both an increase in the time needed to solve problems (Schiffman & Griest-Bousquet, 1992) and a decrease in decision making effectiveness (Cellier & Eyrolle, 1992).  Gaining an understanding of the influence of interruptions is therefore integral to increasing our understanding of managerial decision making processes and effectiveness. 

The next section reviews the existing relevant research.  From this review, testable propositions are developed.  The research methodology used to test each proposition is then described followed by a presentation of the results of two laboratory experiments.  The final section provides a discussion of the empirical findings, limitations, and future research opportunities.

Theory Development and Propositions

This section reviews literature that has focused on relevant factors influencing individual decision making.  This review leads to a description of how interruptions might affect individual decision making; the section concludes by proposing several testable propositions.
Individual Decision Making

Prior research examining individual decision making has identified three general categories of factors which can influence processing and performance.  These factors are: 1) characteristics of the decision task; 2) characteristics of the individual; and 3) information presentation format.  Prior research has demonstrated these three factors as having main and interaction effects on an individual's cognitive processing and ultimate decision making performance (see, for example, DeSanctis, 1984).  Although information presentation formats have been identified as an important characteristic influencing decision performance, it is beyond the scope of this research and will not be addressed (see Vessey, 1991 for an in-depth discussion).

Specific task characteristics have been found to influence decision making performance (e.g., Cats-Baril & Huber, 1987; Jarvenpaa, 1989).  One factor, task complexity (Johnson & Payne, 1985), has been theoretically defined using a variety of dimensions (Campbell, 1988; Einhorn & Hogarth, 1981; Wood, 1986).  Each task dimension can be related to the information characteristics or processing sub-tasks used when completing the task.  

Wood (1986), for example, identified three attributes that determine the inherent complexity of any task: 1) component complexity--the number of information cues and processing acts, 2) coordinative complexity--the interdependency between processing acts, and 3) dynamic complexity--the form of the relationship between inputs and final solution.  Wood suggests that simple tasks are low in component and coordinative complexity and are unlikely to involve dynamic complexity.  On the other hand, he suggests that more complex tasks have higher levels of component and coordinative complexity and are likely to involve dynamic complexity. 


In addition to task characteristics, individual characteristics can influence decision making performance (DeSanctis, 1984).  Prior literature reports equivocal support for the importance of examining individual differences in decision making contexts (Alavi & Joachimsthaler, 1992; Ramamurthy, Premkumar & King, 1992).  Yet, two individual characteristics that appear to be particularly relevant to decision making performance within the context of this research were considered: domain expertise and gender.  Specifically, greater domain expertise typically results in increased decision making performance (Mackay & Elam, 1992; Ramamurthy, King & Premkumar, 1992).  With respect to gender, females have been found to be more easily distracted than males when performing complex tasks (Silverman, 1970).  Given the similarity between distractions and interruptions (see below), it is plausible that interruptions will have similar effects.

Interruptions

An interruptions is "[a]n externally-generated, randomly occurring, discrete event that breaks  continuity of cognitive focus on a primary task" (Corragio, 1990; p. 19).  This definition implies that an interruption is created by another person or event and the timing of an interruption occurrence is beyond the control of the individual. Further, interruptions break a decision-maker's attention on a primary task and force the decision maker to turn his or her attention to the interruption event--even if only for a moment.  


Interruptions have been found to influence an individual's work-related stress (Kroemer, Kroemer & Kroemer-Elbert, 1994) and their processing of a specific task (Kahneman, 1973).  Although work stress has direct ramifications for many aspects of decision making performance (e.g., job satisfaction), the focus of this research is on task-specific decision processing.  Therefore, our theory development focuses only on the effects of interruptions on decision processing and performance.


Distractions versus Interruptions.  Few studies examining the influence of interruptions on task performance appear in the literature.  However, prior research in industrial psychology and human factors has examined the influence of distractions (e.g., plant noise or music) on decision performance (Hockey, 1970; Wright, 1974).  The prior research on distractions form the basis for building the interruption/performance theory presented here since it is likely that  distractions and interruptions will influence decision processing in similar ways.

Distractions are a provocative stimulus that direct attention away from some ongoing activity.  Distractions result in capacity interference (Broadbent, 1958, 1971; Kahneman, 1973) as the cues from both the primary task and distraction create attentional overload (Cohen, 1980; Groff, Baron & Moore, 1983).  This interference increases the overall cognitive processing load and forces an individual to focus their attention on one processing event at the expense of another.  In addition, these competing signals may cause interference, resulting in the forgetting or mixing of information.  Additionally, as an individual completes processing on one activity and returns to the other, a recovery period may be needed to reprocess information that was forgotten or lost while attending to the distraction (Kahneman, 1973).  Research conducted by Laird, Laird and Fruehling (1983) supports this notion of forgetting and/or losing information by demonstrating that distractions increase the time required to perform primary tasks due to increased backtracking and recovery time.

A key difference between distractions and interruptions is that distractions are typically perceived through different sensory channels from an ongoing activity and therefore, can be "performed" simultaneously with that activity (e.g., it is possible to listen to background music while reading a report).  Correspondingly, the distractions operationalized in previous studies have not required significant or similar cognitive processing by decision makers because they were designed only to interfere with the attention-based processing of a task.  


Alternatively, interruptions in a managerial work environment are typically activities that "require immediate attention" and "insist on action" (Covey, 1989; pp. 150-152).  Interruption cues often require the same sensory channel used while processing another activity and demand much, if not all, of a decision maker's attention.  Kahneman (1973) indicates that interruptions cause both capacity and structural interference.  Structural interference occurs when a decision maker is required to attend to two inputs that require the same physiological mechanisms (e.g., attending to two different visual signals, one from a computer screen and one from a colleague entering an office).  Therefore, interruptions can be considered severe attentional distractions that can place greater demands on cognitive processing resources than the available capacity can handle (Norman & Bobrow, 1975).  In such cases, the interruption is likely to result in the loss of memory contents or confusion between cues within memory and therefore decrease decision accuracy and/or increase decision time for the interrupted task.  Given these factors, interruptions should more severely disrupt task processing and ultimately task performance than distractions. 

Influence of Distractions on Decision Performance.  Distraction/Conflict Theory (Baron, 1986; Sanders & Baron, 1975) provides a theoretical grounding to explain the influence of distractions on decision performance.  Distraction/Conflict Theory states that distractions facilitate the performance of simple tasks while inhibiting the performance of complex tasks.  It has been used in explaining the influence of distracting noise and visual cues on performance in a broad range of settings (Boggs & Simon, 1968; Hockey, 1970).  It is likely that the effects will be similar for interruptions as both distractions and interruptions instigate interventions on the finite cognitive capacity of the decision maker.  However, interruptions provide a more intrusive intervention and should magnify the influence of distractions on decision making performance.


The different effects of distractions/interruptions on simple and complex tasks are likely a results of the differing number of cues that must be processed when performing each type of task (Wood, 1986).  Simple tasks require the processing of fewer cues than a complex task.  When addressing simple tasks, decision makers are more likely to have excess cognitive capacity (Baron, 1986).  Consequently, when distractions/interruptions occur, attention can be narrowed and irrelevant cues can be more easily dismissed or ignored.  Additionally, because the decision maker has excess cognitive capacity, no (or fewer) task relevant cues will be lost and, as noted in Figure 1, the performance of simple tasks can be facilitated by distractions/interruptions.  In other words, distractions/interruptions help decision makers focus on the relatively few information cues of their primary task, resulting in faster completion times and little or no loss in decision making performance (Baron, 1986, Keele, 1967).1
_____________________________

Insert Figure 1 about Here

_____________________________


However, when addressing a complex task, attention to cues also narrows when distractions/interruptions occur.  Yet, because a decision maker will have little (or no) excess cognitive capacity when performing complex tasks, the decision maker will be much more likely to lose information cues, some of which may be relevant to completing the primary task.  When this occurs, the result is a deterioration in task performance.  Further, as the number or intensity of the distractions/interruptions increase, attentional overload is exacerbated and performance deteriorates more severely (see Figure 1).  In addition to reducing the number of cues attended to, more severe distractions/interruptions may encourage decision makers to use heuristics, take shortcuts, or opt for a satisfycing decision, ultimately resulting in lower decision accuracy (Baron, 1986).   

This logic suggests that task complexity may be an important issue when trying to understand the influence of interruptions.  Additionally, past empirical studies support the notion that distractions/interruptions impair performance of complex decision making tasks by decreasing the accuracy of recall (Schuh, 1978), increasing the perceived duration of time required to solve a problem (Schiffman & Griest-Bousquet, 1992), increasing frustration, and leading to inconsistent performance (Baron, Baron & Miller, 1973; Wright, 1974).  Additionally, Cellier and Eyrolle (1992) found that distractions increased the processing time and decreased the decision accuracy (performance) on both the primary and distraction tasks.   

In summary, when performing simple tasks, decision makers have excess cognitive capacity and interruptions are less likely to overload cognitive processing capacity.  Additionally, in this situation, interruptions will help the decision maker to focus attention and processing on relevant information cues resulting in increased decision accuracy and/or reduced processing time.  Alternatively, when performing complex tasks, decision makers are less likely to have an excess of cognitive capacity.  In these situations, interruptions will force the decision maker to choose between relevant information cues resulting in decreased decision accuracy and/or increased processing time.  Propositions 1 and 2 apply the tenets of  Distraction/Conflict Theory beyond distractions to interruptions and are stated as:

Proposition 1: Interruptions facilitate decision making performance on simple tasks.

Proposition 2: Interruptions inhibit decision making performance on complex tasks.

Characterization of Interruptions.  It is likely that different types of interruptions will have different types of effects on decision making performance.  Unfortunately, there has been very limited research on how explicit interruption types might influence processing and performance.  One exception is Corragio (1990) who found that long duration interruptions improved task accuracy and time when performing simple learning tasks.  He also found that short duration interruptions inhibited task performance when working on a more complex tasks.  In general, as the duration of the interruption increased, accuracy on complex tasks improved over shorter duration interruptions.  Yet, no consistent effect from interruption frequency was found for either simple or complex tasks.


Given that there has been little research examining interruptions, salient characteristics of interruptions need to be identified and their influence on decision-maker performance examined.  Moray (1993) states that "as far as I have been able to discover, there is no systematic body of research on what physical or psychological characteristics make an interrupt" (p. 120).  Prior literature suggests that interruption characteristics are either cognitive or social influences (Kahneman, 1973; Kirmeyer, 1988).  For example, characteristics that primarily influence cognitive processing include frequency, duration, content, complexity and timing of the interruption.  Social interruption characteristics involve how the knowledge worker responds to the interruption, including the form of the interruption, the person or object generating the interruption, and social expectations that exist based on organizational culture. 

Of the possible interruption characteristics, two were investigated in this research:  interruption frequency and interruption content.  When an interruption occurs, a decision maker must respond to the interruption and then return to his or her primary task.  This return is likely to involve a recovery period (Kahneman, 1973) where re-processing of some information occurs.  Each recovery period, therefore, requires time to re-process information and presents the decision maker with an opportunity to generate errors.  As the number of interruptions increase over a period of time (i.e., frequency), there are an increased number of recovery periods, potential errors, and recovery time needed.  Although interruption frequency did not exhibit any significant effects on decision accuracy in the Corragio study, Woodhead (1965) and Eschenbrenner (1971) found that decision accuracy decreased as the frequency of a distraction increased.  Therefore, we propose: 

Proposition 3: As the frequency of interruptions increases decision performance on the primary task significantly decreases.

Prior research has demonstrated that task interference is likely to occur when two tasks have similar cognitive processing requirements.  The result of this interference is decreased task processing accuracy (Kinsbourne, 1981, 1982; Navon, 1984).  As the similarity among information cues increases, interference between the information associated with the primary task and the interruption task occurs within working memory (Anderson & Milson, 1989).  This interference should result in performance degradation as resources from working memory are inappropriately allocated among tasks (Norman, 1981).  Consequently, we propose: 

Proposition 4:  Decision making performance is inhibited when the information

 content of the interruption and decision making task are similar. 

Research Model


Figure 2 presents an integrated model describing the influence of interruptions on individual decision making.  Characteristics of the individual, task, and information presentation format affect each other and task performance (decision accuracy and decision time).  Developed theory supports the conclusion that interruptions moderate the relationship between these characteristics and ultimately influences decision performance.  The four propositions guiding our research are clearly outlined in the model.

_____________________________

Insert Figure 2 about Here

_____________________________

Method

Two laboratory experiments were conducted to investigate the propositions; the research designs for the two experiments are illustrated in Figure 3.  Both experiments consisted of having subjects address multiple decision and interruption tasks, each having optimal solutions.  Both the experimental and interruption tasks were delivered to subjects by a computer-based decision making simulation. The experimental and interruption tasks were related to production management (PM) concepts and both experiments used the same dependent and control variables.  Subjects were drawn from the same population and all data was collected within 5 days to facilitate cross-study comparisons.

_____________________________

Insert Figure 3 about Here

_____________________________

Subjects


257 undergraduate students enrolled in an introductory production management course served as subjects.  Due to computer problems, data from 19 subjects could not be captured, giving a usable sample size of 238.  All subjects were randomly assigned to one of the 8 treatments across the two experiments.  There were no significant differences across treatments with respect to gender, age, year in school, major, and prior experience in PM.  All participating subjects received 1% point of extra credit towards their final course grade.  To encourage subjects to work both quickly and accurately, cash incentives were awarded to the highest performing subjects as measured by decision accuracy per unit time.  Cash awards were broken into three levels:  1) top 10%, 2) top 11-25%, and 3) top 26-50% where the amount of cash awarded decreased from level 1 to 3.  The maximum compensation that could be earned was $10.

Experiment 1:  Influence of Work Environment

A 2X4 within-subjects full factorial design crossing Work Environment (2 levels) and Task Type (4 levels) was used in Experiment 1.  The Task Type manipulation was within-subjects while Work Environment was manipulated between subjects. The operationalized levels of all the independent and dependent variables were validated using a series of pilot studies.

Independent Variables.  The Work Environment was manipulated by introducing interruptions into the computer-based decision making simulation as subjects were performing each Task Type.  Interruptions consisted of four simple information acquisition tasks which were interspersed across each of the four experimental tasks in the interruption treatment.  Subjects in the no-interruption treatment also performed all experimental and interruption tasks.  In this treatment, fifty percent of these subjects performed all interruption tasks followed by the four experimental tasks while the remaining fifty percent performed all experimental tasks undisturbed followed by all the interruption tasks.  

The Task Type within-subjects variable consisted of four different tasks:  2 simple tasks and 2 complex tasks.  Each subject performed all four tasks where the presentation order of the tasks was counterbalanced within cells.  The complex tasks were selected and constructed to meet the theoretical definition of complex tasks developed by Wood (1986).  Decision time differences between the simple and complex tasks were assessed in pilot testing to validate the appropriateness of the simple and complex classification for each task.  Results indicated that there were significant differences in decision task completion time (< .05) for each of the simple/complex task pairs.  Alternatively, there were no significant differences in decision time between the simple/simple and complex/complex task pairs.   

Each task consisted of 6 different questions where each question was presented as a separate screen during the computer simulation.  When performing both the simple tasks, subjects were presented with a table containing machine workload schedules and available capacity for multiple machines over a 6-month period (see Umanath, Scamell & Das, 1990).  One simple task asked subjects to obtain specific data from the table (directly looking up values or performing routine addition or subtraction calculations) while the second task asked subjects to identify trends apparent in the data.   


Subjects also performed two different complex tasks:  a facility location task (see Buffa, 1990) and an aggregate planning task (see Davis & Kotterman, 1994; Remus, 1984, 1987).  In the facility location task, subjects were provided five different cost estimates (e.g., transportation costs, taxes, labor costs) associated with six warehouse locations.  Based on specific criteria, subjects were asked to decide which locations to open and to indicate the rank order of the locations based on lowest cost.

When performing the aggregate planning task, subjects were provided with a 3-period forecast for four types of paint, current inventory, and current workforce size.  Subjects were asked to determine the number of total paint gallons to produce and to make necessary changes in the workforce level in order to minimize the total production cost.  The cost calculations were based on the HMMS model (Holt, Modigliani, Muth & Simon, 1960) and has been validated in recent experimental decision making studies (Remus, 1987; Davis & Kotterman, 1994).

Dependent Variables.  The dependent variables were decision accuracy and decision time.  As each of the tasks required a different scoring mechanism, the decision accuracy measure was normalized by taking the percentage deviation from the optimal solution for each task.  Scores from each of the two tasks making-up a task type were then standardized and pooled for further analysis.  A measure of perceived influence of interruptions on task performance was also collected for each task for post-hoc analysis.  This measure consists of three items and was developed by Corragio (1990).

Controlled Variables.  Two individual factors thought to directly or indirectly influence decision performance were statistically controlled:  domain expertise and gender.  Domain expertise was measured as performance on the production management course exam questions relevant to the tasks being performed in the experiment.  Gender was measured through self-report data. 

In addition to the individual difference characteristics, decision accuracy and time data for the interruption tasks was also collected and controlled statistically where necessary.  For example, it was possible for subjects to click on the OK button of an interruption task and return to the primary task without attempting to solve the interruption task.  Therefore, it was important to control for this possible behavior as "skipping" the interruption task would minimize the influence of the interruption.  These measures also provided data to enable a post-hoc examination of decision-maker performance on the interruption tasks.
Experiment 2: Interruption Characteristics

The second experiment was conducted to better understand the influence of interruption frequency and content on decision making performance.  This experiment consisted of a 2X2X2 within-subjects factorial design where Interruption Frequency (2 levels: low versus high), Interruption Content (2 levels: similar to primary task or different) and Task Type (2 levels, within subjects) were manipulated resulting in 4 treatments (see Figure 3).  The complex task, setting, and procedures followed exactly those used in Experiment 1.
Results


ANCOVA was used to analyze the data collected.  Domain expertise and gender were included as covariates in each of the tests performed.  In addition, linear regression was used to assess whether the interruption task decision accuracy and decision time variables significantly influenced the dependent variables (i.e., did the way in which subjects addressed the interruption task influence the primary task outcomes).  The results of the regression analysis suggested that two tests required controlling interruption task accuracy and time, thus these variables were included in the appropriate ANCOVA model.  The means and standard deviations for the measures associated with Propositions 1-4 are presented in Table 1. 

_____________________________

Insert Table 1 about Here

_____________________________

Summary of Proposition Testing

Proposition 1 predicted that interruptions would improve performance when addressing simple tasks.  Results from the one-way ANCOVA indicate that there is not a significant difference in decision accuracy on simple tasks (F(1, 132) = .850, p = ns) but there is a significant difference in decision time (F(1, 129) = 14.594, p < .001).  Decision makers experiencing interruptions performed the simple tasks more quickly than those not experiencing interruptions.  Thus, there was mixed support for Proposition 1.


Proposition 2 predicted that interruptions would inhibit task performance when addressing a complex task.  Results from the one-way ANCOVA indicate that there is a significant difference in decision accuracy (F(1, 129) = 7.851, p < .01) and decision speed (F(1, 132) = 8.043, p < .005) on complex tasks.  Decision makers experiencing interruptions performed the complex tasks less accurately and required more time to complete the task.  Thus, Proposition 2 was supported.


Proposition 3 predicted that increased interruption frequency would lower task performance when addressing complex tasks.  Results from the one-way ANCOVA indicate that there is a significant difference in decision accuracy (F(1, 88) = 9.146, p < .005) and decision time (F(1, 88) = 17.829, p < .001) between low frequency and high frequency interruption treatments.  Decision makers experiencing more frequent interruptions performed the complex tasks less accurately and required more time to complete the task.  Thus, Proposition 3 was supported.


Finally, Proposition 4 predicted that similar information content between the primary and interruption tasks would inhibit task performance when addressing complex tasks.  Results from the one-way ANCOVA indicate that there is no significant difference in decision accuracy (F(1, 88) = .667, p = ns) but there is a significant difference in decision time (F(1, 88) = 6.464, p < .05).  Decision makers experiencing interruptions containing information different from the experimental task required more time to complete the task.  Thus, Proposition 4 was not supported and was partially contradicted.
Summary of Post Hoc Analyses  

Our proposition testing focused on the analysis of decision making performance for only the primary task.  In order to gain an overall understanding of our manipulations, post hoc analyses examined the performance for the interruption tasks and subjects' perceptions about interruptions.  ANCOVA was again used to test for significant differences between each of the treatments -- the means and standard deviations for the interruption task measures are summarized in Table 2. 

_____________________________

Insert Table 2 about Here

_____________________________

There were no differences in interruption task accuracy performance for both the simple (F(1, 132) = .850, p = .ns) and complex tasks (F(1, 129) = .018, p = ns) between the interruption and no-interruption treatments.  However, there were significant differences in interruption task completion time between these treatments.  Subjects in the interruption condition completed the interruptions tasks significantly faster than those in the non-interruption condition for both the simple (F(1, 132) = 11.013, p < .001) and complex tasks (F(1, 132) = 28.445, p < .001).  Thus, there were no differences in task accuracy but a significant difference in the rate at which subjects performed interruption tasks.  


We next investigated if interruption frequency changed the way in which subjects addressed the interruption tasks.  This analysis found significant differences in interruption task performance between the low and high interruption frequency conditions.  Specifically, subjects in the high interruption frequency condition had significantly lower interruption task decision accuracy (F(1, 88) = 13.379, p < .001) and shorter interruption task time (F(1, 87) = 43.876, p < .001).  Finally, no significant differences on the interruption performance measures were found between the similar and different information content conditions.  
In addition to assessing interruption task performance, ANOVA was used to test for differences regarding the perception of interruptions across the different treatments.  This analysis found subjects in the interruption treatment to have a more negative perception of interruptions whether addressing simple (F(1, 105) = 13.578, p < .001) or complex tasks (F(1, 97) = 3.731, p = .056) .  Additionally, subjects in the similar information content condition also perceived interruptions as more negative than those in the different information condition (F(1, 97) = 4.50, p < .05).  No other differences were found.

The interpretation of all the post-hoc results are integrated with the results from the hypothesis testing and are interpreted in the next section.

Discussion and Conclusions

Interruptions


The results of the proposition testing generally support Distraction-Conflict Theory (Baron, 1986).  In sum, interruptions appear to facilitate decision time on simple tasks and impair decision accuracy and time on complex tasks.  Contrary to predictions, however, no evidence was found for interruptions facilitating decision accuracy on simple tasks.  We did find that when the simple tasks were examined individually, interruptions did facilitate decision accuracy on one of the two simple tasks.  This lack of consistency across the simple tasks suggests that more research is needed to more fully understand the relationships between these factors.


Distraction-Conflict Theory was originally developed to better explain the effects of distractions on human attention and performance and was used as the theoretical basis in this research.  It is possible that the cognitive processing required by interruptions is both greater and different than the attentional processing that occurs with distractions.  This difference may explain the lack of significance in decision accuracy for simple tasks.  Future research is needed to investigate this possibility.


Alternatively, the lack of significant decision accuracy findings for the simple tasks may relate to the tasks themselves.  Each task consisted of 6 problems that involved acquiring information and in some cases performing computations on the information.  It is possible that some of the problems requiring more computational effort were not simple enough to be positively influenced by the interruptions.  When all the problems across tasks are aggregated together, the potentially positive interruption influence on the very simple tasks might be diluted by a negative interruption influence on the "less simple" simple tasks.  Again, more research is needed to investigate this possibility.

The influence of interruptions on interruption task performance was also examined.  Interruptions decrease the time required to perform the simple interruption tasks across all task types.  Using Distraction-Conflict Theory as grounding, it is likely that when an interruption occurred during processing of the primary task, individuals may have felt pressured to respond to the interruption quickly in order to return to the task on which they were working.  It appears that decision makers had excess cognitive capacity to perform these interruption tasks because these interruptions were completed more quickly with no corresponding loss in accuracy.  Finally, as with the simple experimental tasks, there is no difference in decision accuracy for the interruption task between the interruption and non-interruption treatments. 

The influence of interruptions on complex tasks clearly follows the tenets of Distraction-Conflict Theory.  Decision accuracy was significantly inhibited and decision time significantly increased with interruptions.  In addition, the interruption performance control variables (interruption accuracy and time) were significant for complex task decision time.  Complex task decision time decreased significantly when subjects performed the interruptions more quickly and less accurately.  Therefore, it appears that subjects completing the complex task did not "faithfully" perform the interruption tasks. 

Finally, subjects in the interruption treatment perceived that interruptions negatively influenced performance when processing either the simple or complex tasks.  This negative perception about the influence of interruptions existed even when there was no significant difference in decision accuracy and when decision time was actually enhanced by interruptions as was the case for simple tasks!  This finding suggests that even in the situations where interruptions might not impair decision performance, interruptions are perceived to be negative.  This negative perception may manifest itself in other work-related issues such as job satisfaction, job stress, or citizenship behavior.

Interruption Frequency


Results from the statistical analyses provide support for the detrimental influence of more frequent interruptions.  When performing complex tasks, increased interruption frequency significantly impaired decision accuracy and increased decision time.  This finding is consistent with previous research conducted by Eschenbrenner (1971) and Woodhead (1965) examining distractions.  However, the results conflict with the findings of Corragio (1990) who examined the influence of interruptions on learning tasks.  The difference in findings between the two studies could be attributed to the differences in task types.  However, it is likely that the lack of findings in the Corragio study is related to the way in which his interruption task was operationalized.2  Further research is needed to clearly understand this contradiction.


The interruption task performance variables were significant covariates for decision time on the complex tasks.  Subjects who performed worse on the interruption tasks performed both experimental tasks significantly faster.  As this finding is consistent across both tasks individually as well as for the pooled tasks, it is likely that subjects got frustrated with the frequent interruptions and responded by not attempting to obtain the best solution (or perhaps any solution) on the interruption tasks.


Finally, the interruption task performance results are also significant and reaffirm the findings associated with the covariates.  Decision accuracy on the interruption task significantly decreased as interruption frequency increased.  Conversely, interruption task decision time decreased as interruption frequency increased.  Again, these results suggest that at some point the frequency of interruptions becomes too high for decision makers to either address cognitively or be interested in addressing the interruption task due to frustration or some other psychological/emotional state.  The manner in which interruptions were responded to in this study raises questions related to how frequent interruptions are being handled within an organizational context.  

Interruption Content 

The results of the experiment did not support Proposition 4 which examined the relationship between interruption content and performance.  The results of the statistical analyses indicate that the influence of interruption content is not significant for decision accuracy, but is significant for decision time.  Counter to predictions, subjects experiencing interruptions which had different information content from the primary task took significantly longer to complete the tasks than those experiencing interruptions with similar content.  It was hypothesized that interruptions with similar content to the primary task would result in less decision time due to decision makers getting confused about how the information was being used across tasks.  It appears that having similar information facilitated decision time as individuals had a better understanding of the information at hand and were able to find and process it more quickly.


The theory that guided the development of the proposition related to information content was grounded in prior research in human factors and industrial psychology involving distractions.  The explanation for the contradictory findings between the prior research and this study may lie in the differences between the types of tasks used across these studies.  In the human factors/psychology-based studies, tasks typically consisted of very short data acquisition activities.  This type of activity would primarily involve an attention and short-term memory task with very little cognitive processing of the information.  On the other hand, the tasks used in this study required significantly more cognitive processing.  This increased processing might have made subjects more familiar with the information available to them and resulted in less time required to make decisions when interrupted. 


The perceptual data indicates a marginally significant relationship between the perception of interruptions and interruption content for both task types.  Counter to the performance findings, subjects experiencing interruptions that contained information that was different from the primary task perceived the interruptions to more significantly impair performance on the task.  

Overall Conclusions  


This research identified interruptions as a moderating influence on individual decision making.  There was support for the notion that interruptions enhance decision time on simple tasks and impair decision performance on complex tasks.  The complex tasks examined in this study were comparable to activities that managers might perform as an everyday aspect of their jobs.  Therefore, the negative influence of interruptions on complex task performance suggests that the work environment of the decision maker should be included in subsequent examinations of decision making effectiveness.  In all treatments, interruptions were perceived as having a negative influence on performance.


Managers need to be made aware of the negative influence of interruptions on task performance and perceptions.  This awareness may help managers apply techniques to better manage their work time such as performing tasks that are more complex during the times of day when interruptions are less likely to occur.  Additionally, managers may be able to influence when interruptions occur by establishing "interruption-free" time at certain periods of the workday.  In addition, disabling features such as immediate notification of new messages in e-mail systems are a means to reduce interruptions in knowledge worker environments.

Specific characteristics of interruptions, namely interruption frequency and interruption content, also influenced decision performance.  Therefore, it is possible to identify and examine interruption characteristics independently and jointly to better understand which interruption characteristics most severely affect performance.  An assessment of these characteristics would enrich the theoretical understanding of interruptions and would allow more effective practical prescriptions to be implemented within organizations and built into information systems.


With respect to interruption frequency, this research found an interesting relationship involving the interruption task processing (see Figure 4).  When there were frequent interruptions, subjects processed the interruption task quickly without making a sincere attempt to solve the problem accurately.  Subjects had been told that the performance on all tasks determined who was compensated and how much they were compensated, indicating that they "blew off " the interruption tasks even though they were important in judging their overall performance.  There may be other interruption characteristics (e.g., generator of the interruption) that would influence how decision makers attend to frequent interruptions.  However, these results suggest that increased interruption frequency induces decision-maker frustration and results in an ineffective handling of the interruption task.  This has direct ramifications for the quality and accuracy of information obtained from a knowledge worker who was interrupted from a task to provide the information.

_____________________________

Insert Figure 4 about Here

_____________________________

Limitations


The increased control afforded by laboratory experiments must be traded-off against inherent limitations of the approach, primarily that of generalizability.  Limitations included in this research involve the use of student subjects, the generalizability of the tasks, and the operationalization of the interruptions.

The use of student subjects as surrogates for knowledge workers has long been debated (Gordon, Slade & Schmitt, 1987; Greenberg, 1987).  The students who participated in this study were one year away from graduation and participated in this study after the course material relevant to the tasks had been presented in class, assignments performed, and exams taken.  Therefore, all participants had a nominal level of domain expertise associated with the tasks being performed.  The motivation of student subjects is also likely to be different from the motivation of a manager in an organizational setting.  Course credit and financial incentives were used to induce the subjects to perform to the best of their abilities. 


The four experimental tasks were grounded in production management and the generalizability of these findings may be limited to comparable tasks or contexts.  However, the aggregate planning and facility location tasks involved information processing requirements that are comparable to tasks across a range of environments. 


Although the operationalizations of the interruptions were considered a strength due to the tight controls used, the interruptions used in this study were devoid of social characteristics.  Therefore, the highly-controlled type of interruptions in this study should be taken into account prior to generalizing these results to all work environments and interruptions. 

Future Research Directions

 
The results of this research suggest that interruptions influence decision making performance.  The findings from these studies provide an initial understanding of the relationship between interruptions and intellective task types.  Additional research effort should examine a broader range of tasks including creative and judgment tasks.

Two interruption characteristics, frequency and content, were examined in this research study.  However, to fully understand interruptions, other characteristics identified should be examined independently and interdependently to isolate the features of interruptions that most strongly affect decision performance. 


The social characteristics of interruptions were fully controlled for in this research.  However, interruptions happen in the social environment of the workplace, and their influence on performance are likely to be strongly moderated by these social characteristics.  Research conducted in a field setting using some of the techniques used by Kirmeyer (1991) could prove to be fruitful for more thoroughly understanding interruptions in the workplace.


Finally, certain individual characteristics appear to be particularly important in examining interruptions.  Kirmeyer (1991) controlled for personality type and found that it had a significant influence on how interruptions were perceived.  Future research should include a stronger focus on the emotional reaction to interruptions, perhaps using process tracing methods to capture the rich data more fully.  There is, then, much research to be done, around both theoretical and empirical issues.  Nevertheless, these results do appear to have some real significance and provide clear directions for future investigations.  Interruptions are a fact of organizational life.  Given a better understanding of interruptions will likely provide significant direction for designing information support systems and deploying day-to-day work policies.  We look forward to the time when such an understanding is achieved.
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Table 1

Summary of Means and Standard Deviations for Each Proposition

______________________________________________________________________________







Task Accuracy


Task Time







_________________

__________________

Experimental 

Treatment (Proposition)

N
M

SD

M

SD

______________________________________________________________________________

Simple Task (Proposition 1)


No Interruption

69
-0.18

0.69

110.24

27.59


Interruption


69
-0.28

0.67

90.81

30.83

Complex Task (Proposition 2)


No Interruption

69
0.12

1.07

608.30

284.39


Interruption


69
-0.27

0.51

760.77

293.76

Complex Task (Proposition 3)


Low Frequency

52
0.22

0.32

831.30

238.70


High Frequency 

48
-0.05

0.55

1702.50
526.80

Complex Task (Proposition 4)


Similar Content

50
0.11

0.46

1317.43
613.85


Different Content

50
0.05

0.48

1841.98
741.59

______________________________________________________________________________

Table 2

Summary of Means and Standard Deviations for Interruption Task Performance

______________________________________________________________________________







Task Accuracy


Task Time







_________________

__________________

Experimental 

Treatment (Proposition)

N
M

SD

M

SD

______________________________________________________________________________

Simple Task (Proposition 1)


No Interruption

69
2.95

0.83

53.92

18.02


Interruption


69
2.80

0.99

44.97

12.91

Complex Task (Proposition 2)


No Interruption

69
7.54

1.90

86.03

25.17


Interruption


69
7.41

1.72

63.85

23.25

Complex Task (Proposition 3)


Low Frequency

52
0.60*

0.07

37.63

15.06


High Frequency 

48
0.71*

0.21

21.30

6.83

Complex Task (Proposition 4)


Similar Content

50
0.63

0.18

27.66

11.11


Different Content

50
0.68

0.14

31.67

17.01

______________________________________________________________________________

*A lower score represents high average accuracy across the complex tasks.

Footnotes
1It is possible for a severe distraction to diminish the range of cues examined resulting  in relevant cues being ignored and performance deterioration.

2 Corragio (1990) manipulated both interruption duration (30 or 90 seconds) and frequency.  Subjects were not allowed access to their computer-based experimental task during the entire interruption duration time even if they finished the interruption task more quickly.  As subjects worked out many of the experimental task problems on paper before inserting their answer into the computer, there were many instances were subjects missed the interruption that appeared on their computer screens.  Furthermore, Corragio discovered that on the long duration interruptions, subjects would quickly respond to the interruption and then return to their paper problem until the experimental task screen became available. 

Figure Caption

Figure 1.  Distraction/Conflict Theory proposes that interruption severity will cause task performance to degrade more rapidly when addressing complex tasks than when addressing simple tasks. 




Figure Caption

Figure 2.  Research model highlighting variable relationships and propositions. 






Figure Caption

Figure 3.  Research design for experiments 1 and 2.
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	EXPERIMENT 1
	
	EXPERIMENT 2
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	Complex
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Figure Caption

Figure 4.  The Influence of interruption frequency on interruption task performance.
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